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1 Introduction

During RAN2#81bis meeting, the control plane architecture for small cell enhancements was discussed. Some initial agreements were made:  

1. From a standards point of view, each eNB should be able to handle UEs autonomously, i.e., provide the PCell to some UEs while acting as assisting eNB for other.

2. We assume that there will be only one S1-MME Connection per UE (requires confirmation by RAN3) 

However, evaluation of actual control plane architecture alternatives was left for this email discussion: 

-
Discuss the CP protocol and architecture alternatives that were proposed in contributions provided to RAN2-81bis.

-
Provide a qualitative comparison.

=>
Intended outcome: Email discussion summary and TP for TR 36.842 to be agreed at RAN2-82

Companies are invited to provide their input to this email discussion preferably before 7.5.2013 midnight Pacific Time. After this date, a text proposal covering the outcome of the email discussion is drafted. When ready, companies will be invited to provide comments to the CR. The final deadline for the email discussion is 9.5.2013 midnight Pacific Time.   

2 Discussion

In this section, CP protocols and architectures to support dual connectivity are discussed. The intention is to split the discussion into RRC and RRM related parts. The RRC part considers control plane from the UE point of view, whereas RRM part considers control plane functions more from the network point of view. However, it should be noted that dependent on the approach, these issues may be related to each other. 

2.1 RRC Protocol architecture 

In this section, the RRC protocol architecture is discussed mainly from the single UE perspective. First, we use term “dual connectivity” to refer to operation where the UE consumes radio resources provided by at least two different network points. Furthermore, each eNB involved in dual connectivity for a UE may assume different roles. Those roles do not necessarily depend on the eNB’s power class and can vary among UEs. The following terminology is used: 

· the Anchor eNB has main responsibility for maintaining the UE’s RRC context and terminating the S1-MME interface  towards the MME. 

· the Assisting eNB provides additional radio resources for the UE. 

As discussed in [5], at least the following RRC functions are relevant when considering adding small cell layer to the UE for dual connectivity operation:

· Small cell layer’s common radio resource configurations

· Small cell layer’s dedicated radio resource configurations

· Measurement and mobility control for small cell layer

When considering the control plane protocol architecture to support these functions, at least the following open issues could be listed:

1. Is there a single or multiple RRC entities in the UE?

2. Is transmission/reception of RRC messages over radio interface performed over single or multiple cells?

Based on contribution submitted to RAN2#81bis, the main four architecture alternatives RAN2 identified are shown in Figure 1. 

· Alt C1: A single RRC entity is maintained in the UE and the anchor eNB. RRC signaling is transmitted/received via radio resources provided by the anchor cell;

· Alt C2: A single RRC entity is maintained in the UE and the anchor eNB. RRC signaling is transmitted/received via any combination of radio resources of cells (anchor cell and/or assisting) involved in dual connectivity;

· Alt C3: A single RRC entity is maintained in the UE. Each cell involved in dual connectivity maintains an RRC entity which partly interacts with the RRC entity in the UE. For example, RRC signaling can be transmitted/received via radio recourses of the cell in which the corresponding function is maintained. For example, it could be that physical radio resource configuration related parameters for the assisting cell are controlled by and signaled from the assisting cell, whereas other parameters are controlled by and signaled from the anchor cell (see e.g. [10]).

· Alt C4: An RRC entity per each cell involved in dual connectivity is maintained in the UE and in the network. The entities can be dependent or independent of each others. The mechanism for RRC signalling transmission/reception via radio recourses of the cell could be similar with C3.
Figure 1 depicts the location of RRC entities, the interconnection of eNBs and signalling/reception of RRC signalling over the L2/L1 radio interface. Furthermore, in the figure, the involved eNBs are interconnected via an assumed “Xx-interface” which could be an extension of X2 or some other interface.

On top of these alternatives, actual coordination of RRC/RRM functions could be centralized to the anchor eNB or distributed over multiple eNBs. This is discussed more in Section 2.2.
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Figure 1: Radio Interface C-Plane architecture alternatives for dual connectivity.
2.1.1 Evaluation of alternatives

These different alternatives can be evaluated based on different metrics such as performance of RRC procedures, robustness of RRC signaling, UE complexity, network complexity etc. The companies are invited to give qualitative comparison in the following tables.

2.1.2 Alternative C1: A single RRC entity is maintained in the UE and the anchor eNB
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Table 1. Qualitative evaluation of alternative C1

	Company
	Comments
	Benefits
	Drawbacks

	MediaTek
	
	Simple architecture with clear functional allocation. 
	RRC need to be relocated when the UE looses coverage of the macro cell, which could be a common case. 

	Samsung
	We don’t see the drawback is severe because;
1) Dedicate resource would be configured when the small cell is first configured. In this case there would be no difference in delay.
2) It only make the difference when the resource is reconfigured during the small cell stay, which may be infrequent.

The delay itself would be tens of ms, which may have only limited impact to the overall performance
	Simple
	Longer delay for configuring/reconfiguring small cell dedicate resource (e.g. PUCCH resource). 

	LGE
	We support this alternative.
	Simple and well-aligned with legacy system
	Some interactions between Anchor eNB and Assisting eNB

	Huawei
	We agree to have a single RRC entity for UE in aggregation mode. But we are concerned about maintaining RRC connection when UE is in the centre of small cell and out of the reach of macro cell.
	Aligned with legacy RRC operation, and minimal impact on network and UE.
	There is challenge to maintain RRC connection when UE moves into the centre of small cell and out of the reach of macro cell.

	ETRI
	In this alternative, it is necessary to exchange control/measurement information between Anchor eNB and Assisting eNB because RRC on Anchoring eNB is responsible for radio resource configuration and DRB configuration of the small cell.
	- Complexity(eNB/UE) : low, simple, minimal impact on specification.

- Mobility performance : high  due to avoidance of handover between small cell  

- Security aspect : robust due to one PDCP on Anchor eNB


	- Latency of RRC operation

- Backhaul capacity : stricter than Alt. C3

- Robustness of RRC messages exchange : low due to RRC message exchange in small cell centre or macro cell edge, especially scenario #1.

	NEC
	This part of discussion can further be divided into two aspects:

1. The location of the RRC entity: i.e. which eNB to decode/encode the RRC messages. 

2. The route of the RRC message, i.e. any restriction on via which eNB’s L2/1 to transmit the RRC messages.

For the second aspect, we suggest following the discussion of the UP protocol, otherwise, different L2/L1 protocol for SRB and DRB need to be carefully justified.

Here, we only focus on the first aspect, i.e. single RRC entity vs. Multi RRC entity 

	Benefits of “single RRC entity”:

1. Align with the intra-eNB CA

2. Easy to route the RRC message particularly in UL, since only one termination point.

3. Without the assisting eNB knows the UE capability, Anchor eNB guarantees the configuration does not exceed the UE capability.

4. less Uu signalling, since the reconfiguration related the both eNB can be combined into one message


	Drawbacks of “single RRC entity”:

1.longer latency for the only  assisting eNB related (re)configuration 

2. Slightly increase the processing requirement of the anchor eNB. 


	Ericsson, ST-Ericsson
	
	Simple solution, small impact to standards, centralized view of RRC parameters of the UE in the network side.
	Radio link connection to the Anchor eNB might be lost due to coverage reasons. Thus there can be mobility robustness problems.

	BlackBerry
	Considering the Anchor may serve a lot of small cells, this centralized RRC may over-burden anchor processor and could be a single point of failure
	UE monitors only anchor eNB for RRC messages, minimum UE control plane change
	Small cell eNB needs to provide all information for anchor eNB for RRM. Less flexible when considering that small cell needs also to serve legacy UEs

	Nokia and NSN
	This alternative is the simplest and close to the existing Rel-10/11 CA model.
	Simple from UE’s perspective to maintain one RRC entity. May only require minor changes from UE side.
	Radio resource control for assisting eNB has to be done by anchor eNB and thus extra latency is caused by non-ideal backhaul 

	ITRI
	A single RRC entity maintained in the UE may be simple.  

For this alternative, the dedicated resource on assisting eNB for a dual connectivity UE is configured by anchor eNB.  When assisting eNB serves its own pre Rel-12 UEs, some coordination between anchor and assisting eNBs is needed.


	
	The coordination between anchor and assisting eNB may cause some delay for RRC configuration/reconfiguration for the UE.

	Sharp
	
	Simplest architecture
	The radio resource of Anchor eNB may be bothered by Assisting eNBs’ decision or miss-configuration.

Some interactions between Anchor and Assisting eNB.

	CATT
	We support one RRC entity in network and UE. Whether there is a need to transmit RRC message from different cell should be apart from this email discussion.
	Small overhead of RRC signaling. No need to spend extra signalling on establishing/maintaining the RRC connection to the Assisting eNB.
Small UE complexity, The UE has only one RRC entity just like Rel-10 UE. There is no change on RRC protocol stack.
Small network complexity. Only Anchor eNB manages the RRC signalling.
	

	Panasonic
	On where RRC is located, our comment is following:

How can Macro unilaterally configure the dedicated resource of Small Cell since it does not know what other UEs are connected to the Small Cell (Standalone UEs as well as UEs in Dual Connectivity with this Small Cell and some other Macro Cell).

There has to be “some” coordination with the Small Cell – which means there must be RRC running in Small eNB (at least to validate/ change) what Macro has allocated
On where SRB is terminated from one UE, we support this alternative.
	
	Standalone/ Single Connectivity UEs in Small eNB not possible.

UEs in Dual Connectivity with other Macro is not possible.

	CMCC
	
	Simple 
	There is longer delay for anchor cell to configure some L1/L2 layer parameters for assisting cell. Furthermore, if the link between anchor eNB and UE is bad the mobility performance will be impacted and it could not obtain RRC diversity gain (e.g. assisting eNB can send necessary RRC signaling to UE via Uu between assisting eNB and UE.)

	InterDigital Communications
	
	Benefits includes:

1) Low complexity (e.g. similar handling as for an SCell in CA);

2) Little standardization impact;

3) Single RRC entity with single SRB termination

4) Mobility at the small cell layer is optimized as it is handled as a RRC reconfiguration similar to intra-eNB CA
	Drawback includes:

1) Management of dedicated resources for SCeNB impacted by latency of Xx interface (e.g. by up to 60ms).

2) Synchronization between reception of RRC message and reconfiguration of radio resources for the SCeNB may be complicated by the presence of the Xx interface (i.e. unknown timing).

3) Macro to small cell mobility may be needed when moving towards center of small cell to guarantee robustness of RRC connection;

4) Increased interactions between eNBs over Xx interface.

	ZTE
	Considering some of the RRM functionality will be located in assisting eNB, at least part of the RRC parameter will be decided in small cell. So it is not clear how these RRC parameters can be sent to UE unless RRC functionality is realized by anchor eNB but based on the interaction between anchor eNB and assisting eNB 
	Simple solution and least change for UE from standardization point of view
	More delay for RRC parameter configuration in assisting eNB.
Need more coordination between anchor eNB and assisting eNB considering parameters for different layer is decided by different eNB (it is related to outcome of UP discussion)


	Intel 
	We prefer this alternative
	Simple
	Long delay to configure resources in small cell.

	Alcatel-Lucent/ Alcatel-Lucent Shanghai Bell
	Close to the legacy RRC procedures, considering that the single RRC may be seen as the single connectivity to the network that is used in legacy system.
	Close to legacy procedure from UE point of view. 
	RRC parameter configuration in assisting eNB experiences more delay. may required to have activation time introduced in RRC messages for UE and assisting eNB synchronisation of the configured parameters due to long backhaul latency



	Hitachi
	
	Less impacts on UE control plane.
	There is more delay for configuration of radio resource of assisting eNB since this needs to be done by anchor eNB.

	DOCOMO
	General comments for all alternatives: 
Agree with NEC and other companies on the following points of discussion:

1. “single RRC entity” vs. “multiple RRC enentity” in the NW.

2. “single RRC entity” vs. “multiple RRC entity” in the UE.

3. The transport of RRC message: via Anchor and/or via Asst. eNB.

And this email discussion is proposed to focus on the first two.

Furthermore DCM assumes that distributed RRM is applied when doing the comparison of alt. C1-C4. (Asst. eNB performs the relevant RRM measurements and reports/ signalled it to Anchor eNB, so that Anchor eNB can create/perform the necessary RRC signaling).

Common for all Alts.:

- DCM prefers on having single RRC entity in the UE

Specifically for Alt.1:

- Having one RRC entity in the eNB may be acceptable once the drawbacks are clarified.


	· Minimum protocol architecture impact to eNB and UE.
No additional complexity wrt. e.g., security for RRC in Asst. eNB.
	Possible delay for:

- dedicated radio resource configuration, e.g.,dedicated UL resources when establishing bearer in /relocating bearer to small cell.

- Small cell removal after UL error/unsync detection. (Delay in mitigating UL interference).



	Renesas Mobile Europe Ltd
	We prefer single RRC entity in the UE, and this alternative would be one possible way to provide that.
	Likely only few impacts on the specifications.


	- No benefit from the Assisting eNB for mobility or RLF

- Potential modifications to SRB termination

- Increased signalling over Xx interface (all RRC signalling originates from the Anchor eNB, even configuration related to the Assisting eNB, e.g. MIMO configuration)



	Kyocera
	Anchor eNB processing is increased in accordance with the number of small cell is increased.
	Simple and low impact to specification.
UE complexity is low.
	Impact on RRC signalling robustness e.g., when UE is in small cell centre in scenario #1.
Latency for assisting eNB’s configuration/reconfiguration.

	Qualcomm
	See C2

C1 is a special case of C2, e.g. if bearer split as defined 81bis#19 is not supported in the user plane.


	Simple
	Needs discussion on how to handle case where Uu between anchor and small cell cannot be used due to RF (e.g. outage) or deployment (e.g. scenario 1 when UE moves away from cell edge, scenario 3).

	Broadcom Corporation
	We tend to agree with others that only a single RRC entity should be maintained at the UE (applicable to other alternatives as well)
	Minimal spec. impact, some mobility robustness may still be achieved if the role of anchor and assisting cells can be switched based on network state
	Limited mobility robustness in case of RLF or HOF on anchor cell.

	Pantech
	We support this alternative
	Simple architecture and no need to modify RRC structure in UE side.
	Additional interaction should be considered between anchor eNB and assisting eNB to manage dedicated resources on the assisting eNB

	New Postcom
	In this alternative, the UE receives RRC messages via a single RRC connection.
	1) Simplest alternative

2) Slightly standard effort.

3) The same as legacy architecture for UE and eNB

4) No UE context exchange between eNBs.
	1) The gain of RRC signalling diversity cannot be achieved. 
2) Need more backhaul signalling between eNBs for radio resource configuration for user plane transmission.

3) Cannot improve robustness of RRC signalling (e.g. diversity gain) and throughput.

4) High processing load in Anchor eNB

	Fujitsu
	
	Simple
	- The backhaul latency gives impacts on:

> Fast radio resource control of Assisting eNB by RRC in the Anchor eNB.

> Fast radio resource coordination e.g. interference control of Assisting eNB.

- The limited backhaul capacity gives impacts on the frequency of the above radio resource control and radio resource coordination.


Rapporteur’s summary of Alternative 1:

This alternative is clear and well understood by the companies. 

The benefits of this alternative are:
1. This is simple solution
2. Well aligned with the legacy system as this alternative is close to the control plane solution of Rel-10 Carrier aggregation. 

3. Minor impacts to standards and UE/Network implementation  

4. No additional solutions needed for security aspect as PDCP can locate on Anchor eNB

5. Easy to route the RRC message particularly in UL, since only one termination point.

6. Anchor eNB guarantees the configuration does not exceed the UE capability.

7. Amount of signaling overhead remains low

The drawbacks of this alternative are:

1. RRC need to be relocated when the UE looses coverage of the macro cell, which could be a common case. 

2. Robustness of RRC messages exchange can be low due to RRC message exchange in small cell centre or macro cell edge, especially scenario #1.

3. Longer delay for configuring/reconfiguring dedicated resources of the assisting eNB (e.g. PUCCH resource). 

4. Some interactions between Anchor eNB and Assisting eNB as the Assisting cell eNB needs to provide all information for anchor eNB so that the Anchor eNB can configure the UE. This also can bring limitations for the backhaul (delay and capacity).
5. Slightly increase the processing requirement of the anchor eNB. 
6. Synchronization between reception of RRC message and reconfiguration of radio resources for the SCeNB may be complicated by the presence of the Xx interface (i.e. unknown timing).

2.1.3 Alternative C2: A single RRC entity is maintained in the UE and the anchor eNB, RRC signaling transmitted over multiple cells 
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Table 2. Qualitative evaluation of alternative C2

	Company
	Comments
	Benefits
	Drawbacks

	MediaTek
	
	Simple architecture with clear functional allocation. 

Can work smoothly (without relocation) also in cases when small cells are deployed in bad / sporadic macro coverage, e.g. indoor. 
	

	Samsung
	In our view, the main point is whether or not there is a single RRC entity processing a RRC message. From which cell it is transmitted is a separate issue.
To focus on the main point in the e-mail discussion with limited time, we propose to not take this option into account. 
We should discuss whether to allow RRC message to be transmitted in the small cell or not in the separate topic with submitted contribution in the next meeting. Note also the relation of this question to the question of whether we have split EPS bearers (1 EPS bearer handled by 2 eNB’s). 
	-
	-

	LGE
	We tend to agree with Samsung that this is a kind of bearer split which is being discussed in another email discussion, i.e., whether SRB is split or not.

Because bearer split is mainly about L2/L1 architecture, we don’t see much difference between alternative C1 and C2 in terms of control plane architecture.
	
	

	Huawei
	We support this option.
	Maximal alignment with legacy RRC operation. Connection is maintained even if UE is in a macro coverage hole. Common transmission and reception operation can be applied to both CP and UP of a UE in multi-stream aggregation mode.
	Exchanges over non-ideal backhaul between anchor and assisting eNBs.

	ETRI
	In this alternative, there is only one RRC protocol on Anchor eNB but RRC protocol messages could be exchange over Anchor eNB or Assisting eNB, with dynamic manner. This alternative is similar to the Alt. 1 except for transmission and reception of RRC protocol messages. 
	- Mobility performance : high, similar to Alt. 1 

- Robustness of RRC messages exchange : flexible eNB selection for RRC message transfer (considering channel quality)


	- Latency of RRC operation due to non-ideal backhaul

- Complexity(eNB/UE) : medium

- Backhaul capacity : stricter than Alt. C3

- Additional RRC messages exchange between Anchor eNB and Assisting eNB in addition to the control/measurement information described in Alt. C1.

	NEC
	Agree with Samsung and LGE to only focus on the “single RRC entity vs. multi RRC entity” aspect. 

So comments on C2 are same as alt C1


	
	

	Ericsson, ST-Ericsson
	
	Rather simple solution, centralized view of RRC parameters in the network side. 

Robust RRC signalling can be provided because two links are available.
	Parameters need to be signalled between the Anchor and Assisting eNB. Thus there can be additional latency.

	BlackBerry
	In case of fading where the UE fail to receive the RRC message from one cell, this option can get it from the alternative cell.
	UE still maintains a single RRC connection and allow link diversity for RRC
	UE needs to monitor both radio links and when the RRC message is sent simultaneously over both links, may require RRC packet re-ordering due to possible large backhaul latency

	Nokia and NSN
	RRC diversity is not proposed for dual connectivity, but for solving mobility robustness issue due to co-channel interference in scenario 1. This issue is better to be handled by HetNet mobility WI instead of by this email discussion.
	Seems it mainly benefits scenario 1, but HetNet mobility WI might already have solutions for this.
	Increased complexity for NW to handle two handover commands’ transmission.

	ITRI
	We also agree on that this issue is related to whether SRB is split or not. 
	
	

	Sharp
	Agree with NEC
	
	

	CATT
	We share the same view with Samsung. If one RRC entity is enough, then we can discuss if there is a need to transmit the RRC message through different link (apart from the current C-plane discussion). 


	
	Handover signalling is transmitted repeatedly;

High network complexity, Common PDCP at Anchor eNB has high impact on the network.

High UE complexity, The UE needs to monitor two connections to receive RRC messages. Independent PDCP at Assisting eNB requires dual RLC/PDCP for UE and causes security issue.  Common PDCP at Anchor eNB has little impact on the UE.

	Panasonic
	From RRC perspective this is same as option C1.
On where SRB is terminated from one UE, we support this alternative.

The difference between C1 and C2 is whehter assisting eNB may carry the SRB packet to UE or not. We agree with Samsung/LGE that this could be discussed later.
	
	

	CMCC
	
	As clarified and agreed in RAN2 email reflector, it is supported the RRC signallings can be transferred to assisting eNB while determined by anchor eNB, especially when assisting eNB is deployed in poor macro coverage of anchor eNB.
	This RRC architecture is still not in time and introduces delay for the configuration of some L1/L2 layer parameters.



	InterDigital Communications
	This alternative is essentially multi-flow for one or more SRB(s), with termination in MeNB.
	Benefits includes:

1) Low complexity (e.g. similar handling as for an SCell in CA);

2) Little standardization impact;

3) Single RRC entity with single SRB termination

4) Mobility at the small cell layer is optimized as it is handled as a RRC reconfiguration similar to intra-eNB CA

5) Increased robustness compared to alternative C1 due to support of multi-flow.
	Drawback includes:

1) Management of dedicated resources for SCeNB impacted by latency of Xx interface (e.g. by up to 60ms).

2) Synchronization between reception of RRC message and reconfiguration of radio resources for the SCeNB may be complicated by the presence of the Xx interface (i.e. unknown timing).

3) Increased interactions between eNBs over Xx interface.

	ZTE
	Agree with Samsung/LGE/Panasonic this is different level issue
	
	

	Intel
	We agree with Samsung and LGE that we should focus on “single RRC entity vs. multiple RRC entity” issue.
	
	

	Alcatel-Lucent/ Alcatel-Lucent Shanghai Bell
	We agree with Samsung and Nokia/NSN comments. The discussion on RRC diversity should be addressed separately given that the benefit of RRC diversity and applicable scenarios are yet to be discussed/ agreed.  
	
	

	Hitachi
	Agree with Samsung and LGE.
	
	

	DOCOMO
	Same general comments as in Alt.1.

Probably this alternative can be discussed after CP and UP architecture is finalized. 
	
	

	Renesas Mobile Europe Ltd
	We agree with others this alternative can be deprioritized from this discussion. The question of SRB termination can also be discussed later.
	
	

	Kyocera
	
	Robust RRC signalling can be provided
	NW and UE complexity is increased compared to Alternative C1

	Qualcomm
	We support this option, if bearer split is supported on the user plane.
	Enables mobility and signaling robustness for RRC signaling in all scenarios (requires bearer split on both DL and UL).
	Some extra delay when Uu between anchor and small cell cannot be used due to RF (e.g. outage) or deployment (e.g. scenario 1 when UE moves away from cell edge, scenario 3).

	Broadcom Corporation
	This option is similar to C1 but we feel it is better because it allows robust transmission of RRC messages over the air when the anchor cell is weak.  It would also allow a UE to send an RRC message to the assisting cell to inform it of a RLF or HOF to the anchor cell.  If RAN2 decides to have just one RRC at the anchor, we feel C2 is a better choice than C1.
	
	

	Pantech
	We agree with Samsung.
	
	

	New Postcom
	
	1) RRC signalling can be transmitted through multiple eNBs, which can improve its robustness (e.g. diversity gain) and throughput.

2) No UE context exchange between eNBs.
	1) Need backhaul signalling between eNBs for radio resource configuration for RRC signalling and user data transmission.

2) High processing load in Anchor eNB

3) Error detection cannot be performed in assisting eNB.

	Fujitsu
	Agree with Samsung.
	
	


Rapporteur’s summary of Alternative 2:

This alternative can be considered as a variant of C1. The difference is only the transport of the RRC messages. Many companies considered that L2 transport of RRC messages should be discussed later. However, as a starting point of further evaluations, also summary of benefits and drawbacks of this alternative is made.

Benefits of this architecture:
1. Simple architecture with clear functional allocation. 
2. Maximal alignment with legacy RRC operation (e.g. similar handling as for an SCell in CA);
3. No UE context exchange between eNBs.
4. Can work smoothly (without relocation) also in cases when small cells are deployed in bad / sporadic macro coverage, e.g. indoor. 
5. Robustness of RRC messages and flexibility for eNB selection for RRC message transfer (considering channel quality)

Drawbacks are mainly similar to C1 (except for robustness of RRC messages):
1. Latency of RRC operation due to non-ideal backhaul
2. Added complexity as compared to C1

3. Additional RRC messages exchange between Anchor eNB and Assisting eNB in addition to the control/measurement information described in Alt. C1.
4. Synchronization between reception of RRC message and reconfiguration of radio resources for the SCeNB may be complicated by the presence of the Xx interface (i.e. unknown timing).

2.1.4 Alternative C3: A single RRC entity in the UE, split in the anchor/assisting eNBs. RRC signaling transmitted over multiple cells-
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Table 3. Qualitative evaluation of alternative C3

	Company
	Comments
	Benefits
	Drawbacks

	MediaTek
	Could be ok from complexity point of view if the assisting RRC is only for the specific control of the Assisting cell Uu (physical layer).
	Fast RRC control for small cell Uu.
	Xx coordination may be needed to not exceed UE capabilities.

	Samsung
	We think the benefit does not justify the drawback 
	Shorter delay in reconfiguring small cell dedicate resource
	More complex than C1.
UE may need to distinguish which RRC sends the RRC message. UE may need to have separate security context for small cell RRC.

	LGE
	No significant benefits compared to increased complexity
	Less interactions between Anchor eNB and Assisting eNB


	Requirement to put the PDCP entity in Assisting eNB

Dual security keys required

LCP procedure impact to map a certain data on SRB to certain radio resources


	Huawei
	The additional complexity is not justified by the benefit.
	Saving some exchange between anchor and assisting eNBs over backhaul.
	Significant impact on UE operation, in terms of security context, and challenges in supporting corresponding UL RRC transmission.

	ETRI
	In this alternative, there are two RRC protocols on both Anchor eNB and Assisting eNB. But there are different role between Anchor eNB and Assisting eNB with regard to functions of RRC protocol for dual connectivity. 
	- Fast RRC operation than Alt. C1 and Alt. C2

- Mobility performance : variable according to function split between Anchor eNB and Assisting eNB

- Backhaul capacity : less strict compared to Alt. C1 and Alt. C2

- More flexible control is possible since each RRC can optimally control radio resource in each eNB.
	- Complexity(eNB/UE) : high

- It is necessary to define functions of Anchor eNB and Assisting eNB, and a UE should simultaneously interface with both eNBs for dual connectivity.



	NEC
	Need to carefully discuss which parameters can be configured by small cell itself directly and without confliction


	Benefits of “Multi RRC entity in network but single RRC entity in UE”: 

1. Shorter latency for the only  assisting eNB related configuration 

2. Distribute the processing requirement between anchor eNB and assisting eNB (note: it is not an important aspect since we only talk about RRC encoding and decoding)
	Drawbacks of “Multi RRC entity in network but single RRC entity in UE”: 

1. Not align with intra-eNB CA protocol

2. Possible more number of RRC messages. 

3. Coordination mechanism is needed to guarantee not to exceed the UE capability.

4. Mechanism to route the uplink RRC message to the right RRC entity is needed.

5. Possible confliction of the identifiers e.g. RRC-TransactionIdentifier  


	Ericsson, ST-Ericsson
	This alternative could be used to “fast configuration” of e.g. physical layer parameters.
	Some parameters can be signalled directly from the assisting eNB which make reconfiguration time shorter. However, due to UE capabilities, there are limited possibilities for this without coordination between nodes.
	More impact on standards as the UE needs to know where to send messages. Additional network and UE complexity. 

Currently only one RRC procedure can be running at the time. 

Need separate PDCP entities for different nodes. 

In the end, separation of RRC connections could be needed (similar to C4).



	BlackBerry
	What is the main different C3 and C4? In C3, one RRC box in UE, does it mean they share the same encryption/integrity and the same C-RNTI?
	Allows time critical RRC message from each eNB to be delivered in timely manner
	UE needs to monitor both radio links when the RRC message in dual connectivity

	Nokia and NSN
	Not sure whether and how one RRC entity in the UE side can work well with two RRC entities in the NW side. From NW side, it should be studied to what extent the Assisting eNB can operate an RRC in isolation from the Anchor eNB.
	Assisting eNB can have direct and thus faster communication with the UE without involving non-ideal backhaul.


	There is some UE impact to differentiate two RRC messages to and from the NW side although UE has only one RRC entity. 

	ITRI
	The system information and paging message of assisting eNB coming from assisting eNB may reduce the latency.  But for other RRC messages, they may have security key issue. 


	It may reduce the latency.
	It may have security key issue.

	Sharp
	Not clear whether C3 and C4 has much difference. C3 might need RRC sub-entity.
	Short delay for reconfiguration corresponding to Assisting eNB.
	More complex than C1.
Need two Security keys for both Anchor and Assisting eNB.

Need identification of RRC messages

	CATT
	
	Small UE complexity. The UE has only one RRC entity just like Rel-10 UE.

Fast and direct transmission of RRC message from Assisting eNB to the UE.
	Signalling overhead increase due to separate RRC reconfiguration in Anchor eNB and Assisting eNB.

High network complexity. Coordination is needed between Anchor RRC and Assisting RRC.

Security issue due to independent PDCP at Assisting eNB.

The UE with only one RRC entity needs to identify different RRC signalling (from which cell).

	Panasonic
	On where RRC is located, our comment is following:

Since the UE in Dual Connectivity will establish separate radio bearer (towards same/ different EPS bearer), UE RRC must configure the lower layers accordingly (with this knowledge) so that L2/ L1 know where the packets go.

Further, RRC in Assisting Node will be required for at least dedicated resource allocation.
On where SRB is terminated from one UE, we don't support this alternative.
	RRC in Assisting Node will be required for at least dedicated resource allocation.
	Security needs to be established at Small eNB – which has its own issues. The RRC message (e.g. RB setup/ reconfiguration) could be sent via the Macro and the ‘additional’ delay is virtual since the Macro should/ must contact the Small eNB for at least validating the resource configuration that it makes on behalf of the Small eNB.

	CMCC
	
	Also feasible when assisting eNB is deployed in poor coverage of anchor eNB (similar with C2)

Furthermore, more flexible and in-time control for L1/L2 receiving and transmitting from assisting eNB to UE.


	Some coordination and RRC signalling transferred between anchor eNB and assisting eNB are needed

	InterDigital Communications
	As mentioned by Ericsson, this alternative may provide one way to allow dynamic management of dedicated resources of the SCeNB and reconfiguration of physical layer parameters. It may enable more efficient use of physical layer resources, and remove the timing uncertainty in applying a reconfiguration of the UE’s physical layer for SCeNB. Such signalling could use a different SRB that terminates in the SCeNB (e.g. SRB3)

In addition, multi-flow similar to alternative C2 could be supported for SRBs that terminates in the MeNB, for increased robustness. I.e. alternative C3 and C2 are not necessarily mutually exclusive.
	Benefits includes:

1) Dynamic management of dedicated resources and physical layer parameters possible

2) Removes impact of presence of Xx interface

3) No timing uncertainty for synchronization between reception of RRC message and reconfiguration of radio resources for the SCeNB

4) Minimizes interactions between eNBs over Xx interface

5) Multi-flow for SRB terminating at MeNB still possible


	Drawback includes:

1) Security/PDCP may be needed at the SCeNB.

2) Some standardization impact

	ZTE
	Considering some of the RRM functionality will be located in assisting eNB, at least part of the RRC parameter will be decided in small cell. And to follow current signalling modelling over network interface, it is natural there is one RRC entity within assisting eNB
In addition Xx interface is not necessary a direct interface. One of the other alternatives is anchor eNB and assisting eNB can be connected via one Gateway which is connected to MME.
	Leave more flexibility for assisting eNB to decide its own RRC parameters which potentially reduce interaction between anchor eNB and assisting eNB. Thus also help to reduce negative impact due to non-ideal backhaul compared to C1. 
	Assuming RRC signalling from assisting eNB is transmitted directly from assisting eNB, then security functionality is needed for assisting eNB also, otherwise there is no security issue.

	Intel
	We agree with Samsung and LGE that the benefit does not justify the drawbacks.
	Shorter delay for reconfiguration of small cell resource
	Security issues as small cell handles PDCP layer for C-Plane.

UE complexity increase for handling RRC signalling from two eNBs.

	Alcatel-Lucent/ Alcatel-Lucent Shanghai Bell
	This option supports fast configurations of assisting eNB lower protocol configurations.
	fast configuration of parameters in assisting eNB. 

there is no need for additional mechanism to guarantee the UE and assisting eNB synchronisation on the application of configured parameters

having RRC at the assisting eNB supports the legacy inter protocol layer interaction


	Security needs further investigation. Security aspects are anyway required to be further investigated for UP protocol architecture evaluation.

	Hitachi
	Dynamic resource configuration of assisting eNB is allowed as mentioned by Ericsson, InterDigital, and ALU.
	Less delay for radio resource configuration of assisting eNB.
	Some UE impacts since UE is required to handle two RRC from anchor and assisting eNB.

	DOCOMO
	In our understanding, assisting RRC only responsible for a subset of RRC functionality, i.e., dedicated/common radio resource configuration for small cell (Asst. eNB cell) and possible DRB establishment.

Whereas all other RRC functionality, e.g., paging, SIB broadcast, NAS message delivery, intra/inter-RAT mobility, AS security management and activation are residing in Anchor eNB.

Note that this is applicable when UE is in dual connectivity mode. 

Maintaining one RRC entity from UE perspective implies that the UE sees the same RRC connection (only one RRC context) even if there are 2 entities in the NW.

The same RRC key can be applied.
	Short delay for dedicated radio resource configuration allows:

· Fast dedicated UL radio resource configuration for efficient scheduling with optimal link adaptation for the case of data resuming in the small cell (relocation of bearer to the small cell).

· Fast reaction of small cell removal to mitigate UL interference from UE with UL error/ unsyc.

Minimum impact in the UE since the UE maintains one RRC entity.
	Additional functionality and  interworking procedure to realized RRC entity split between Anchor and Asst.eNB is necessary..

	Renesas Mobile Europe Ltd
	For this option to work, the UE should still see only one RRC entity and all RRC operations should be transparent to the UE. 
	Less delay caused by inter-eNB communication when changing the assisting eNB configuration.

Possibility for better RLF recovery via RRC connection to either cell.
	Potential conflicts due to one RRC at UE and two RRCs at NW side.

Security modifications needed in case the eNBs use different security keys.

	Kyocera
	Although UE has only one RRC entity, UE must monitor RRC messages provided by both Anchor RRC and Assisting RRC.
	Fast and robust RRC control for small cell Uu can be provided.
	UE complexly is increased compared to the alternative C1 and C2.

To consider which information should be provided by assisting RRC.

	Qualcomm
	C3 seems highly undesirable, as it would require tight coupling between anchor and assisting RRC modules.
	See C4
	See C4

Also, it is unclear what the difference between C3 and C4 is.

	Broadcom Corporation
	We agree with others (e.g. LGE) that the additional complexity of maintaining separate RRC entities at each eNB is not justified.
	
	

	Pantech
	It would be need heavy works to define RRC specification since It should be considered how to distinguish between anchor and assisting RRC signalling in UE side.
	Short delay for dedicated signaling on assisting eNB.
	We also think that there are some concern points on security and UE complexity aspect.

	New Postcom
	
	1) RRC signalling can be transmitted through multiple eNBs, which can improve its robustness (e.g. diversity gain) and throughput.

2) Less coordination signalling between eNBs than Alt C2. 

3) Error detection can be performed in assisting eNB (latency detention).

4) No UE context exchange between eNBs.
	1) Need coordination and signalling between the eNBs

2) More processing load in Anchor eNB

3) Slightly impact on UE (to distinguish RRC signalling from Anchor or assisting eNB)

	Fujitsu
	What functionality is implemented in Anchor RRC and Assisting RRC should be carefully studied.
	Fast and efficient control of each cell is possible because each RRC can optimally control the wireless communications in the Anchor eNB and the Assisting eNB, respectively.
	- Controlling the UE by using two RRCs is not aligned to the existing standards and is not backwardly compatible, which gives significant impacts to both the network side and the UE side.

- RRC message identification may be required to identify the transmission source of the RRC messages.


Rapporteur’s Summary of alternative 3:
In this alternative, there are two RRC entities in the network side, one in the Anchor eNB and one in the Assisting eNB. These RRC entities control one RRC entity in the UE side. In the discussion, it came out that it is not very clear which are the consequences of two RRC entities in the network side and what is thus the difference between C3 and C4. 
However, for this email discussion we assume that in C3 the UE maintains one RRC entity with one set of parameters and timers etc. This may imply that two RRC entities in the network side can even be transparent to the UE. In C4, the entities are more independent and could even have separate RRC states, timers etc.

Benefits of this approach:

1. Some parameters can be signalled directly from the assisting eNB which make reconfiguration time shorter and more flexible. However, due to UE capabilities, there are limited possibilities for this without coordination between nodes.
2. Less interactions between the Anchor eNB and the Assisting eNB. Thus backhaul capacity and latency requirements less strict as compared to C1 and C2.

3. No timing uncertainty for synchronization between reception of RRC messages and reconfiguration of radio resources for the Assisting eNB.

4. Possibility for better RLF recovery via RRC connection to either cell.

Drawbacks of this approach:

1. More complex than C1 and more standardization impacts.
2. Coordination mechanism is needed to guarantee not to exceed the UE capability.
3. Mechanism to route the uplink RRC message to the right RRC entity is needed.
4. Requirement to put the PDCP entity in Assisting eNB and different security keys
5. LCP procedure impact to map a certain data on SRB to certain radio resources
6. Possible more number of RRC messages. 
7. Possible confliction of the identifiers e.g. RRC-TransactionIdentifier. Currently only one RRC procedure can be running at the time.
2.1.5 Alternative C4: Two RRC entities in the UE and the network side. RRC signaling transmitted over multiple cells. 


[image: image6.emf]Control Plane 

Alternative 4

Anchor 

eNB

Assisting 

eNB

UE

Anchor 

RRC

L2/L1

Assisting

RRC

L2/L1

Anchor 

RRC

L2/L1

Assisting

RRC

L2/L1

Uu

Uu

Xx


Table 4. Qualitative evaluation of alternative C4

	Company
	Comments
	Benefits
	Drawbacks

	MediaTek
	Our understanding of this alternative is that the two RRC connections are fairly independent. 
	
	We see a risk of high complexity, and difficult 3GPP discussions to establish how the two RRC connections can co-exist. 

	Samsung
	We think the benefit does not justify the drawback
	Shorter delay in reconfiguring small cell dedicate resource
	More complex than C1.
UE needs to maintain two RRC connections and two RRC entities. 
UE may need to have separate security context for small cell RRC.

	LGE
	Most complex alternative from UE point of view 
	Less interactions between Anchor eNB and Assisting eNB
	Requirement to put the PDCP entity in Assisting eNB

Dual security keys required

UE complexity realizing multiple RRC connections

LCP procedure to map a certain data on SRB to certain radio resources

	Huawei
	Too complicated, but without convincing benefit.
	Minimal interaction between anchor and assisting eNBs.
	Complexity to maintain two separate RRC entities at UE, and related security and transmission operations.

	ETRI
	In this alternative, there are two RRC protocols on both Anchor eNB and Assisting eNB, independently. 
	- Backhaul capacity : less strict compared to Alt.C1 and Alt. C2

- Less signalling exchange between Anchor eNB and Assisting eNB compared to Alt. C1, Alt. C2, and Alt. C3
	- Complexity(eNB/UE) : very high, especially on UE

- Mobility performance : low due to frequent handover among small cells 

- Two RRC connections between UE and network, which means the UE can receive RRC messages from Anchor eNB and Assisting eNB, simultaneously.

	NEC
	Need to carefully discuss which parameters can be configured by small cell itself directly and without confliction

It is only applicable for the UP protocol options which have separated PDCP/RLC/MAC/PHY stack in UE for anchor eNB and assisting eNB. 


	Benefits of “Multi RRC entity in network and multi RRC entity in UE”: 

1. Shorter latency for the only  assisting eNB related configuration 

2. Distribute the processing requirement between anchor eNB and assisting eNB (note: it is not an important aspect since we only talk about RRC encoding and decoding)

	Drawbacks of “Multi RRC entity in network and multi RRC entity in UE”: 

1. Not align with intra-eNB CA protocol and much UE complexity expected.

2. Possible more number of RRC messages. 

3. Coordination mechanism is needed to guarantee not to exceed the UE capability.



	Ericsson, ST-Ericsson
	
	Each eNB can control independently its own connections which make reconfiguration time shorter.
	Very complex as totally new RRC protocol needed to support this and synchronize e.g. RRC state.

Need separate PDCP entities for different nodes. 

	BlackBerry
	Too complicated with no clear benefit compared to C3
	Fast small cell configuration/ re-configuration
	Needs to maintain two RRC entities (increase UE complexity)

	Nokia and NSN
	Dual RRC is a feasible solution for modelling dual connectivity and a “light” RRC in small cell can help fast small cell’s radio resource control.From NW side, it should be studied to what extent the Assisting eNB can operate an RRC in isolation from the Anchor eNB.
	Assisting eNB can have direct and thus faster commmunication with the UE without involving non-ideal backhaul.


	UE complexity to maintain two RRC entities and possibly manage two RRC connections. 

	ITRI
	We do not see much gain from this alternative.
	
	

	Sharp
	Not clear whether C3 and C4 has much difference. C3 might need RRC sub-entity.

UE impacts depend on RRC functions supported by Assisting RRC.
	Short delay for reconfiguration corresponding to Assisting eNB.
	More complex than C1.
Need two Security keys for both Anchor and Assisting eNB.

Need identification of RRC messages

	CATT
	
	Fast and direct transmission of RRC message from Assisting eNB to the UE.

	Signalling overhead increase due to separate RRC reconfiguration in Anchor eNB and Assisting eNB.

High UE complexity. The UE has to manage two RRC entities.

High network complexity. Coordination is needed between Anchor RRC and Assisting RRC.

Security issue due to independent PDCP at Assisting eNB.

	Panasonic
	Option C3/ C4 are basically the same if we agree that C4 does not mean 2 RRC Connections. In our view at UE this is only configuring the lower layers per Cell (which is new but un-avoidable in any case for dual connectivity) so that they know which cell to send to/ receive from the packets. It should not mean 2 different RRC Contexts (C-RNTI).
	
	Security needs to be established at Small eNB – which has its own issues. The RRC message (e.g. RB setup/ reconfiguration) could be sent via the Macro and the ‘additional’ delay is virtual since the Macro should/ must contact the Small eNB for at least validating the resource configuration that it makes on behalf of the Small eNB.

	CMCC
	
	Similar with C3.
	Some coordination and RRC signalling transferred between anchor eNB and assisting eNB are needed. Furthermore, the complexity at UE side is more than other options.

	InterDigital Communications
	Most complex alternative

Drawbacks outweigh possible benefits
	Benefits include:

1) Replication/reuse of current procedures for each RRC connection independently
	Drawbacks include:

1) Complexity of maintaining,  defining interactions in-between, and synchronizing two RRC connections and state machines

2) Unclear impacts to MME (for duplicated RRC states, NAS, security) and CN

	ZTE
	The difference compared to C3 is mainly a modelling issue
In addition Xx interface is not necessary a direct interface. One of the other alternatives is anchor eNB and assisting eNB can be connected via one Gateway which is connected to MME
	Same as C3
	Same as C3

	Intel
	We agree with Samsung and LGE that the benefit does not justify the drawbacks.
	Shorter delay for reconfiguration of small cell resource
	Security issues as small cell handles PDCP layer for C-Plane.

UE complexity increase for handling two RRC entities.

	Alcatel-Lucent/ Alcatel-Lucent Shanghai Bell
	We don’t see how this is functionally different from option C3.


	Same as C3


	Same as C3 

	Hitachi
	Difference between C3 and C4 is not so clear.
	Same as C3
	Same as C3

	DOCOMO
	The RRC function allocation may be the same as in alt. C3.

The difference between alt. C3 and C4 is that the UE sees 2 different RRC connections (context). 

In this case probably 2 different sets of AS keys are needed.
The difference with C3 needs to be further clarified.


	Similar with alt. C3.
	Big impact in the UE. (having additional RRC entities and connections to each involved eNBs)

Security key management issues.

	Renesas Mobile Europe Ltd
	This is the most complex option of all the discussed ones and the drawbacks do not seem to be justified in light of the benefits.

It is unclear how this would work with the assumption of a single S1-MME connection: Would the MME be aware of the both RRC connections or not?


	Same as C3
	- Two RRC states required at UE and NW side

Coordination required

- Requires revisiting the entire RRC specification wrt. transitions between RRC_Connected and RRC_IDLE, and specifying what happens if one RRC state changes but the other one doesn’t

	Kyocera
	Too complicated with no clear benefit compared to Alternative C3.
	The signalling amount and the coordination level between Anchor eNB and Assisting eNB are reduced compared to the other options.
	Large impact to the current specification.

UE complexly is increased dramatically compared to the other options.

	Qualcomm
	More discussion is needed on RRC functions to be handled by assisting eNB.
	Easily amenable to interoperability.

Lower delay in RRC from assisting eNB.

Requires PDCP, which already exists in assisting eNB
	More complex than C1 (UE to maintain two RRC entities)

	Broadcom Corporation
	The added complexity of two separate RRC entities at both UE and eNBs renders this alternative less desirable than others.
	
	

	Pantech
	It is not clear the benefits comparing with C3.
	See C3
	See C3

	New Postcom
	
	1) RRC signalling can be transmitted through multiple eNBs, which can improve its robustness (e.g. diversity gain) and throughput.

2) Direct configuration from small cell eNB to the UE.

3) Less coordination signalling between eNBs than Alt C2.

4) Less processing load in Anchor eNB than Alt C2.

5) Error detection can be performed in assisting eNB (quick detection).
	1) Maintain two RRC connections and entities.

2) Big impact on UE.

3) More complexity

	Fujitsu
	What functions are implemented in the Anchor RRC and the Assisting RRC should be carefully studied.
	Fast and efficient control of each cell is possible because each RRC can optimally control the wireless communications in the Anchor eNB and the Assisting eNB, respectively.
	- Controlling the UE by using two RRCs ais not aligned to the existing standards and is not backwardly compatible, which gives significant impacts to both the network side and the UE side.

- Unlike option C3, RRC message identification may not be required because RRC messages can be received by different L1/L2 stacks in the assisting side and the anchor side at the UE.


Rapporteur’s summary of alternative 4:

As discussed for alternative C3, these two alternatives C3 and C4 may have lot of similarities. It could be a modeling issue if there is one or multiple RRC entities/connections in the UE when there are multiple entities in the network side in alternatives 3 and 4. Nevertheless, it is assumed that in this approach the two RRC entities are fairly independent potentially with the own state control.
It should be noted that many companies indicated that benefits and drawbacks are same as in C3. 

Benefits of this approach:
1. Shorter delay in reconfiguring small cell dedicate resource

2. Could have less interactions and signalling messages between Anchor eNB and Assisting eNB
3. Backhaul capacity requirement less strict compared to Alt.C1 and Alt. C2
4. Replication/reuse of current procedures for each RRC connection independently
Drawbacks of this approach:

1. More complex than Alt. C1, C2 and C3, lots of standardization efforts

2. Requirement to put the PDCP entity in Assisting eNB and dual security keys required
3. LCP procedure to map a certain data on SRB to certain radio resources
4. Signalling overhead increase due to separate RRC reconfiguration in Anchor eNB and Assisting eNB.
5. Coordination mechanism is needed to guarantee e.g. not to exceed the UE capability
6. Unclear impacts to MME (for duplicated RRC states, NAS, security) and CN
7. Two RRC states may be required at UE and NW side 
2.2 Radio resource management functions 

In this subsection RRM functions are discussed.  Section 16 in TS 36.300 lists the following RRM functions:

· Radio Bearer Control (RBC)

· Radio Admission Control (RAC)

· Connection Mobility Control (CMC)

· Dynamic Resource control (DRA)

· Inter-cell interference coordination (ICIC)

RAN2 assumption for a single S1-MME terminating at the anchor eNB implies that CMC resides in the anchor eNB. DRA is probably part of the UP architecture discussion. And we further propose to leave ICIC out of discussions for now.  Thus, it can be assumed that most relevant RRM functions with respect to adding resources from an assisting cell for the UE are RBC and RAC.  One main question is whether those RRM functions reside in the anchor eNB only or each eNB controls its radio resources, resulting in a distributed RRM approach. Two main alternatives can be envisaged for each of the RRM functions RBC and RAC:

· Alt.1 Centralized RRM and control of radio resources in the anchor eNB

· Alt.2 Distributed RRM and control of radio resources between the anchor eNB and the assisting eNB

With Alternative 1, it can be assumed the anchor makes all decisions with respect to radio resource managements and then informs the assisting eNB about the relevant parameters. In the second alternative, radio resource control is distributed between the anchor and the assisting eNB. For example, the assisting eNB could control physical layer configuration related parameters of its cells.

2.2.1 Evaluation

In this subsection, companies are invited to give their qualitative evaluations of the location of the main RRM functions RBC and RAC for dual connectivity. Evaluations can be done in terms of performance of RRM procedures, network complexity etc. 

2.2.2 Alternative R1: Centralized RRM and control of radio resources in the anchor eNB
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Table 5 Qualitative evaluation of alternative R1

	Company
	Comments
	Benefits
	Drawbacks

	MediaTek
	Not a main alternative for the SMC-HL study.
	Could support fast cooperation like comp, dynamic TDD etc. 
	Cannot support non-ideal backhaul with reasonable efficiency, as DRA (the scheduler) would be centralized.

Can also not support the case where the assisiting eNB would function as a legacy eNB towards some UEs.

	Samsung
	Unless there is very strong motivations for this, which we have failed to identify so far, RAN2 should not go for this solution
	Shorter delay when (re)configuring small cell resource. It seems not a huge benefit though
	We see two issues.
1) How Ass ENB handles its own UEs?
What if Ass ENB is connected with more than one macro ENB?

	LGE
	It is doubtful if this alternative is feasible.
	Less interaction between Anchor eNB and Assisting eNB.
	Some RRM functions that require observing channel status of cells from Assisting eNB cannot work.

For example, 

UL interference management on the cells from Assisting eNB cannot work.

Also, small cell management (e.g., removal/modification) cannot work even if the CSI/SRS indicate poor condition.

(Note that we assume that CSI and SRS for small cells are transmitted on corresponding cells for dynamic channel adaptation).

	Huawei
	This may work only with a static reservation of resource on assisting eNB.
	After reservation of resource, limited coordination is needed between anchor and assisting eNBs.
	Radio resources on assisting eNBs can not be used efficiently. There are also challenges in timely detection and recovery of RLF.

	ETRI
	The RRM is only located in the Anchor eNB which means the UE will only interface with the Anchor eNB to exchange RRC messages. 
	
	- Additional signalling for control/ measurement for RRM coordination.

- DRA could not operate in case of non-ideal backhaul.

	NEC
	With this alternative, a part of the assisting eNB’s radio resource is reserved to anchor eNB. 
	Thanks to the radio resource reservation in advance.

1. Less signalling on the Xx interface, since no need to have coordination for some RRC configuration/ decision in advance e.g. CMC, RBC
2. Shorter latency of the RRC procedure due to no coordination at the configuration time point.

	1. higher RRM capability is needed for anchor eNB 

2. Sub-optimized radio resource utilization in assisting eNB due to the static radio resource reservation to the anchor eNB.



	Ericsson, ST-Ericsson
	
	RRM functions are in same place as the RRC entity of the UE. So no additional delays due to coordination.
	As the assisting eNB need to work as standalone eNB, it cannot rely on Anchor eNB control solely when allocating radio resources. So it means that this solution does not work very well.

	BlackBerry
	It may not work in non-ideal backhaul
	Less coordination between the anchor and assisting eNBs assuming the radio resource is semi static
	impact on non ideal backhaul may prohibit this option to work and impacting independent small cell operation for legacy UEs

	Nokia and NSN
	Maintaining resource pool in anchor eNB for assisting eNBs over non-ideal backhaul seems a big burden to anchor eNB and backhaul signalling load especially in case that anchor eNB is connected with many assisting eNBs.
	
	System complexity for anchor eNB to maintain RRM functions especially for many assisting eNBs.

	ITRI
	We agree on Huawei’s view.  It has more restriction on the scheduling of assisting eNB.
	
	

	Sharp
	We think RRM functions are needed for Assisting eNB to allocate resources dynamically.
	Very small benefit but less interaction between Anchor and Assisting eNB.
	Not feasible to perform dynamic resource allocation at Assisting eNB.

UL interference management may not work on Assisting eNB.

	CATT
	Mostly this architecture is not efficient. Considering load balancing, it seems beneficial to let Anchor eNB have a centralized control as Anchor eNB can have a more global view on the load status of each small cell under its coverage.
	No RRM Coordination


	Low RRM efficiency. The decision making of RAC is based on the dynamic cell-specific information (such as assisting information related to resource usage) which shall be exchanged between eNBs.

Big network complexity. Frequent information exchange between eNBs due to the change of cell status.

	Panasonic
	RBC must be fully located in Small Cell.
	
	Suboptimal use of Radio resource.

Standalone/ Single Connectivity UEs in Small eNB not possible.

UEs in Dual Connectivity with other Macro is not possible.

	CMCC
	
	Simple
	Not flexible, especially for RBC and RAC function. 

Some interactions between anchor and assisting are required.

	InterDigital Communications
	Unclear that this is a practical solution, given that stand-alone operation should also be supported for the SCeNB. The implication is that MeNB cannot control radio bearer allocation and admission control autonomously.
	
	

	ZTE
	It seems impossible to leave both RBC and RAC of assisting eNB in anchor eNB considering anchor eNB can’t control all the radio resource in assisting eNB completely
	
	

	Intel 
	It might not be feasible as we agreed that “each eNB should be able to handle UEs autonomously, i.e., provide the PCell to some UEs while acting as assisting eNB for other.” The reason is that dedicated resource configured by anchor eNB might conflict with resource used by UEs whose PCell is the assisting eNB 
	Potential less delay to configure small cell resource.
	It is not clear how anchor eNB can directly configure dedicated resource in assisting eNB.

	Alcatel-Lucent/ Alcatel-Lucent Shanghai Bell
	Require pre-coordination of assisting eNB resources for use of dual connectivity support UE.
	
	-the assisting eNB resource usage is not optimal

-the resource coordination is more complex when considering multiple assisting eNBs belong to the same anchor eNB.

-master-slave approach which is not seen appropriate when considering inter-vendor interoperability

· 

	Hitachi
	This alternative does not seem feasible
	
	Dynamic resource allocation for assisting eNB is not possible.

What happens if assisting eNB also handles single connectivity UEs?

	DOCOMO
	This alternative would only work for RBC and RAC, by reserving the resources of Asst. eNB in the Anchor eNB, or by a very frequent signalling exchange.

This alternative will not work for UL error/unsync detection and scheduling based on feedback (PUCCH, SRS) in small cell.
	-


	Ineffective resource management in the Ass.eNB for RBC and RAC when resource reservation is performed.

High frequency of signaling exchange for RBC and RAC if resource reservation is not performed.

Ineffective small cell UL error/unsync detection

Ineffective scheduling based on feedback (PUCCH,SRS) on Small Cell.



	Renesas Mobile Europe Ltd
	RAN2 should first decide on the RRC protocol alternatives and then consider if anything needs to be specified about the RRM split.

The split of RRM should be invisible to UE as much as possible, and the eNB details could be left up to eNB implementation. Many of the details are likely to concern RAN3 more than RAN2.


	
	

	Kyocera
	We agree with Huawei and ITRI.
	
	

	Qualcomm
	Unclear that this is a practical solution.
	Suitable for tightly coupled architectures, or when Assisting eNB with ideal backhaul need not serve legacy UEs.
	Incompatible with Assisting eNB being able to also function as independent eNB.

Incompatible with non-ideal backhaul.

	Broadcom Corporation
	We agree with MediaTek’s views.
	
	

	Pantech
	DRA would not work well with this alternative.
	
	

	New Postcom
	
	Anchor eNB can manage Assisting eNBs’ radio resource, and make comprehensive RRM decision to achieve better RRM efficiency.
	1) More processing load in RRM entity of Anchor eNB.

2) Assisting eNB cannot perform standalone RRM function.

	Fujitsu
	ICIC is better located in the Assisting eNB.
	
	


Rapporteur’s summary of alternative R1

In Alternative R1, RRC functions (at least RAC and RBC) are centralized to the Anchor eNB. Based on comments, it is doubtful if this solution is feasible, especially because the Assisting eNB may act as a standalone eNB for other UEs. Centralized RRM would imply static radio resource reservation which can be very inefficient.
Benefits of this approach:

1. RRM functions are in same place as the RRC entity (if alternative C1/C2 assumed) of the UE. So no additional delays due to coordination.
2. Less signalling needed on the Xx interface, since no need to have coordination for some RRC configuration/ decision in advance e.g., for RBC.
Drawbacks of this approach:
1. Low RRM efficiency. Some RRM functions that require observing channel status of cells from the Assisting eNB cannot work.

2. Not flexible, especially for RBC and RAC function.

3. Cannot support the case where the assisting eNB would function as a legacy eNB towards some other UEs

4. Problematic when Assisting eNB is connected with more than one macro eNB

5. System complexity for anchor eNB to maintain RRM functions especially for many assisting eNBs

6. Additional signalling for control/ measurement for RRM coordination
7. More processing load in RRM entity of the Anchor eNB.

2.2.3 Alternative R2: Distributed RRM and control of radio resources in the anchor eNB and the assisting eNB
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Table 6. Qualitative evaluation of alternative R2

	Company
	Comments
	Benefits
	Drawbacks

	MediaTek
	We assume that “slow” RRM that uses RRC for UE control, such as RBC, RAC, CMC can be in the anchor. 

“Fast” RRM such as DRA (scheduler) and current X2-supported RRM such as ICIC can be distributed. 
	Non-ideal backhaul can be supported. 

Assisting eNB can function also as a legacy eNB. 

Reasonable complexity and low UE impact supporting A single main controller with a single main RRC connection to the UE.
	

	Samsung
	We support this option.
	Simple/logical
	Delay may be longer in (re)configuring small cell resource 

	LGE
	We assume that at least for UL interference management and CSI/SRS based small cell management, distributed RRM functions should be equipped in Assisting eNB.
	Almost all RRM functions can work.
	It may require more interaction between Anchor eNB and Assisting eNB.

	Huawei
	We support this option, assuming that the assisting RRM on assisting eNB will help handle C-RNTI assignment, RLF detection and recovery, and radio configuration control.  
	Aggregation can be supported with non-ideal backhaul, and small cell can operate as stand-alone eNB for UE not in aggregation mode.
	Coordination is needed between anchor and assisting eNBs.

	ETRI
	In this alternative, RBC, RAC, CMC could be located on Anchor eNB and DRA could be on Assisting eNB. 
	- Good support of non-ideal backhaul


	- Complexity due to function split between RRMs

- Latency due to information exchange between RRMs

	NEC
	With this alternative, the assisting eNB  involves in  every RRM decision related to small cell, e.g. a parameter’s reconfiguration
	1. Lower RRM capability requirement for each eNB thank to the distribution of RRM functionality.

2.  More adaptive RRM strategy/radio resource allocation can be applied for assisting eNB.  


	1. More signalling on the Xx interface comparing with alternative R1. 

2. Longer latency of the RRC procedure due to no coordination at the RRC configuration time point.


	Ericsson, ST-Ericsson
	The functions that relate to controlling radio resources of the small cell can be at least partly decided in the assisting eNB.
	Assisting eNB can work as standalone eNB for other UEs.
	Assisting eNB needs to signal e.g. physical layer related parameters to the Anchor eNB.

	BlackBerry
	Some negotiationtion still needed such as interference management
	Anchor and assisting eNB control the PHY configuration independently with less coordination so it works in non- ideal backhaul. Each eNB can support legacy UE
	

	Nokia and NSN
	We support this option.
	Multi-node aggregation is supported with non-ideal backhaul. Leaving some RRM functionality in assisting eNBs relieves anchor eNB’s burden.
	

	ITRI
	This option seems more reasonable.
	The radio resource on assisting eNB can be utilized.
	Coordination between anchor and assisting eNBs is needed. 

	Sharp
	We support this option.

FFS what kinds of RRM functionalities are needed for Assisting eNB (e.g. CMC may not be needed.)
	Feasible to perform dynamic resource allocation at Assisting eNB
	Might need handling prioritization between two RRMs if a single RRC signalling is used.

	CATT
	If the Assisting eNB has no RRC entity, Assisting RRM shall transfer the RRC signalling relevant information (which is introduced by Assisting RRM) to Anchor eNB.


	High RRM efficiency. Local decision making of RAC at Assisting eNB is possible.

Small RAN signalling for RRM Coordination. No need to exchange dynamic cell information (such as assisting information related to resource usage).

Small network complexity. Assisting eNB can have Local decision making of RAC.

	

	Panasonic
	We support this option. RBC must be in Small eNB. RAC could be in Macro eNB.
	Standalone/ Single Connectivity UEs in Small eNB possible.

UEs in Dual Connectivity with other Macro is possible.
	

	CMCC
	We prefer this option.

How the UE in the coverage of assisting eNB initially perform RACH towards assisting cell Should be further clarified.
	Compared with R1, it is flexible.

Part of RRM function is relevant with the corresponding RRC entity architecture.
	More interactions between anchor and assisting eNB in terms of related RRM function are required.

	InterDigital Communications
	This is our preference
	Benefits include:

1) Stand-alone SCeNB operation is possible

2) Low complexity
	Drawback includes:

1) Depending on the protocol architecture selected, there may be impacts (latency, complexity) from the presence of the non-ideal interface

	ZTE
	Assuming there could be one Gateway between anchor/assisting eNB and CN, some of the RRM functionality could also be located in Gateway e.g. RAC
	Leave more flexibility to assisting eNB
	Need more coordination between anchor eNB and assisting eNB. Assuming there could be one Gateway between anchor/assisting eNB and CN, such coordination could be located in gateway in such way that anchor eNB will be much less impacted when deploying small cell. Thus help easy deployment and fast roll out of small cell feature on the market.

	Intel
	We prefer this option
	Simple approach to support RRM functions.
	More X2 signaling between anchor and assisting eNBs, also more delay.

	Alcatel-Lucent/ Alcatel-Lucent Shanghai Bell
	Logical approach supporting inter-vendor interoperability
	-more efficient resource utilisation in the assisting eNB


	· 

	Hitachi
	Since assisting eNB also works as stand-alone eNB, this alternative is preferred
	Assisting eNB can also work as stand-alone eNB.
	

	DOCOMO
	At least Assisting eNB should be equipped with RRM function to support:

- UL error/unsync detection (due to bad UL quality),

- Scheduling management based on feedback (PUCCH (ACK/NACK, CSI) and SRS) in small cell, assuming independent scheduler in Anchor and Assisting eNB.

Our view wrt. the following RRM function:

· RAC(accept/reject of new est. req. of radio bearer)

The decision can be done in either by Anchor or Assisting eNB. In any case signalling between the nodes is necessary. 

· RBC(radio resource configuration for a bearer)

The assumption is that each eNBs is equipped with their own radio resources. 


	The assisting eNB would be able to:

- Detect UL error/unsync and prevent UL interference in timely manner

- Perform effective scheduling based on feedback in small cell.

- RAC and RBC function in the Asst. eNB would lessen Anch. eNB burden (memory capacity) to be aware of radio resource status/condition in the Asst. eNB. This would create less frequency of signaling between the nodes.
	Coordination between the eNBs is needed. Additional Xx signaling/ procedure.

	Renesas Mobile Europe Ltd
	RAN2 should first decide on the RRC protocol alternatives and then consider if anything needs to be specified about the RRM split.

The split of RRM should be invisible to UE as much as possible, and the eNB details could be left up to eNB implementation. Many of the details are likely to concern RAN3 more than RAN2.


	
	

	Kyocera
	We support this alternative.
	Effective radio resource allocation on assisting eNB can be achieved.
	

	Qualcomm
	We support this option
	Can support non-ideal backhaul and ability of Assisting eNB to independently serve UEs.

Supports RRM close to physical resources being managed.
	Needs some discussion as to which functions are handled by assisting RRM.

	Broadcom Corporation
	We support this option.
	
	

	Pantech
	We support this alternative.

Additional interaction should be considered between anchor eNB and assisting eNB.
	
	

	New Postcom
	We slightly prefer R2
	1) Radio resource configuration can be handled in the small cell.

2) Less signalling overhead for negotiation between eNBs than Alt R1.

3) Less processing load in RRC entity of Anchor eNB than Alt R1.
	Negotiation between eNBs for RRM is needed for better RRM performance. 

	Fujitsu
	We support this option.
	Fast and efficient control of each cell is possible because each RRC can optimally control the wireless communications in the Anchor eNB and the Assisting eNB, respectively.
	Fast and efficient control of each cell is possible because each RRC can optimally control the wireless communications in the Anchor eNB and the Assisting eNB, respectively.


Rapporteur’s summary of alternative R2:
In this alternative, distributed RRM functions were considered. The focus in the discussion is on RAC and RBC functions.  In discussion it is noted that the split of RRM should be invisible to UE as much as possible, and the eNB details could be left up to eNB implementation. Many of the details are likely to concern RAN3 more than RAN2.
Benefits of distributed approach:
1. Non-ideal backhaul can be supported. 

2. Assisting eNB can function also as a legacy eNB. 

3. Almost all RRM functions can work.

4. More adaptive and efficient RRM strategy/radio resource allocation can be applied for assisting eNB
5. No need to exchange dynamic cell information (such as assisting information related to resource usage).

6. Low complexity

Drawbacks of distributed approach
1. Potentially more signalling on the Xx interface comparing with alternative R1

2. Latency due to information exchange between RRMs

3. Needs some discussion as to which functions are handled by assisting RRM

3 Conclusion

In this email discussion, different alternatives for control plane architecture were discussed in a scenario where the given UE utilizes radio resources of multiple eNBs. 

First, the RRC structure was discussed. Basically the following open issues were identified during the email discussion:

1. Single or multiple RRC entities in the UE
2. Single or multiple RRC entries in the network
3. Transmission/reception of RRC messages via radio resources of the Anchor and Assisting eNB

Four different alternatives were evaluated addressing these open issues. Based on discussion, it is proposed to capture the summary of comparison as given in the end of Sections 2.1.2, 2.1.4 and 2.1.5:
Proposal 1 Capture quantification of alternatives C1, C3 and C4 in TR 36. 842
Note that C2 is not included in Proposal 1 as many companies indicated that actual transmission of RRC messages can be discussed later one the overall structure both for user plane and control plane are clearer.

Proposal 2 Postpone discussion of L2 transport of RRC messages 
With respect to RRM structure, in this email discussion it was evaluated whether RRM functions and control of radio resources should be centralized or distributed. The discussion is summarized in the end of Sections 2.2.2 and 2.2.3. 

Proposal 3 Capture quantification of the centralized and distributed RRM structure in TR 36.842. 

Text proposal for quantification is given in R2-131934.
Way forward
Based on evaluations given by companies, it is clear that having multiple RRC entities in the UE (C4) bring additional complexity as well as large standardization impact. Even the gain of this approach is that the delay for radio resource parameter configuration is shorter, many companies indicated the gain does not necessarily justify the efforts. Thus it is proposed: 

Proposal 4 Take a single RRC entity in the UE as a baseline assumption for further discussions

Similarly, based on evaluations given by companies, it is clear that having multiple RRC entities in the network side bring complexity. The main gain of this approach is similar to the previous case: the radio parameter reconfigurations can be faster. However, the delay reduction for the reconfigurations are limited as coordination between the eNBs is anyway needed due to limited capabilities etc.  Also many companies clearly indicated that a single RRC entity in the network side is preferable, whereas multiple entities got limited support:

Proposal 5 Take a single RRC entity in the network as a baseline assumption for further discussions

In the evaluation part of RRM functions, it was identified that the centralized RRM structure is not possible because for some UEs the assisting eNB needs to acts as a stand-alone eNB. In addition, fast control of radio resources is not possible over a non-ideal backhaul.

Proposal 6 Take a distributed RRM structure as a baseline assumption for further discussions
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