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1. Introduction

This document discusses RAN2 discussion topics on LTE-advanced. In this document, RAN1 initiated topics for LTE-advanced are discussed firstly, since some investigation are done in RAN1 and further work in RAN2 are expected as shown in liaison from RAN1 on relay node[1]. For those RAN1 initiated topics, this document discusses issues which could be considered as RAN2 main topics and propose way forward as this first stage. 
RAN2 specific topics e.g. like mobility enhancement are also discussed in this document. For RAN2 specific topics, this document discusses possible enhancement and impacts to current specifications. 
2. RAN2 discussion points on LTE-Advanced

2.1.  RAN1 initiated topic for LTE-advanced
RAN1 started the discussion on LTE-advanced from last year. This section discusses the impact to RAN2 from RAN1 discussion.
2.1.1.  Component carrier aggregation
In order to achieve higher peak data rates, RAN1 discussed a method that a UE supports several component carriers for data transmission. This is also referred to component carrier aggregation and/or band aggregation. There will be several impacts to RAN2 caused by component carrier aggregation, which will be discussed in this section.
Scope of component carrier aggregation:

RAN1 has not yet discussed the component carrier aggregation from architecture/cell perspective point of view. At least, the component carrier aggregation for cells with same coverage like shown in Figure 1 should be supported.  On the other hand, the component carrier aggregation for cells with a different coverage area like illustrated in Figure 2 needs some discussion. This point is related with the mobility management. Therefore, this issue should be clarified for further work in RAN2. Another point to be clarified is whether component carrier aggregation is supported among different eNBs. Then, further consideration will be if aggregation may be enhanced to the case that cells which have different coverage area and use same frequency are aggregated. The required functionality could be same between the cases of Figure 1 and the cases shown in Figure 3 except frequency and mobility. So, this point also should be further considered.
RAN2 also needs the discussion on how UE know which cells are paired cells (e.g. Cell 1 and Cell A in Figure 1) for band aggregation.
Proposal 1: Minimum scope of component carrier aggregation is to aggregate cells which have same coverage area (i.e. Figure 1). Whether other cases (i.e. Figure 2 and 3) are supported, or not is FFS at this stage
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Figure 1: component carrier aggregation for cells which have same coverage area
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 Figure 2: component carrier aggregation for cells which have different coverage area
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Figure 3: aggregation for cells which have different coverage area and same frequency

Definition of component carrier:

In LTE, all cells (i.e. all component carriers) provide SCH and system information (i.e. BCH and /DL-SCH for system information). Each cell is identified by PCI (Physical cell identity) in layer1 cell search procedure and CGI (Cell Global Identifier) in RRC system information acquisition procedure. However, considering that UE in LTE-advanced will support component carrier aggregation, RAN2 need some discussion on how component carrier should be for LTE-advanced. For example, some component carriers may not need to provide system information, since UE can receive system information from other component carrier. UE behaviour to receive SCH and system information could be categorized into following 4 steps. Consequently, what kind of control information a component carrier should provide could be also categorized into following 4 steps. We think that how component carrier should provide could be discussed based on these categories. In order to optimize frequency usage, it could be considered that all step1-4 are avoided in some component carrier. In this case, only limited component carriers are used for idle mode and component carriers which avoid Step1-4 are used for only connected mode UE which detect the component carrier by RRC configuration (e.g. the reception of RRCConnectionReconfiguration message). Another alternative would be that some of the component carriers provide only Step1-3 in order to reduce system information delivery overhead. Even though several deployment scenarios may require different schemes as best solution, it’s necessary to minimize options in order to reduce the complexity and the testing effort. We believe that even though current cell definition (i.e. SCH and all system information are provided by each cell) is kept for LTE-advanced, enhancement would be possible. Therefore, RAN2 should further discuss what component carrier should provide within limited number of option.
Step1:  Component carrier is detected by UE layer 1 using cell search procedure. i.e. SCH is provided by component carrier. If all component carriers provide SCH, UE may try to measure and camp on the component carriers.  
Step2:  Bandwidth of component carrier is known by MIB acquisition. i.e. BCH is provided by component carrier. 
Step3:  Component carrier is identified by SIB1 acquisition. i.e. Cell specific parameters like CGI, TAC and so on are provided by component carrier. 
Step4:  Required system information is known by SIB acquisition. i.e. system information like SIB2-9 is provided by component carrier.
Proposal 2: RAN2 should start investigation on what information should be provided by each component carrier. It’s also necessary to minimize the number of options. 
U-plane architecture for component carrier aggregation:

This section discusses the user plane radio interface protocol architecture. RAN1 already concluded that there will be one transport block per component carrier. Following the RAN1 agreement, it could be deduced from a functional point of view that there is one common MAC entity after aggregation and several sub- MAC entities, i.e. one per component carrier, which handle at least the HARQ functionality. The benefit would be that one could reuse at most as possible the Rel-8 MAC layer HARQ operation for each component carrier. This would be beneficial since the migration from earlier releases should be as simple as possible. Furthermore this would also minimize the required standardization and overall development effort since E-UTRAN protocol specifications and deployed implementations can be re-used. An exemplary U-plane protocol stack is illustrated in Figure 4. Basically, all component carrier related functionalities, e.g. HARQ　protocol, are located in the sub-MAC layer, referred to as MAC-cc in figure 4. On the other hand, functionalities which are not tightly related with component carrier aggregation (e.g. TB generation, priority handling and so on) could be located in the common MAC entity, which is referred to as MAC-m. The benefit to have MAC-m on top of the sub-MAC layers is that there must be some tight coordination between the different sub-MAC entities of each component carrier, since UE can receive/transmit on multiple component carriers simultaneously and scheduling would be done per UE. The detailed functional distribution among the different MAC entities needs to be further discussed within RAN2 (e.g. DRX handling, BSR handling and so on).
Regarding the higher layers like RLC and PDCP, we don't see the need for a change with respect to the protocol architecture at this moment. Basically in our current thinking the main impact of bandwidth aggregation would be limited to the MAC layer from functional point of view; higher layers wouldn’t be affected apart from the fact that due to the support of higher data rates, general enhancements like for example extension of sequence number space in RLC need to be discussed. 
Proposal 3: RAN2 should start investigation on sub-MAC layer u-plane structure which supports component carrier aggregation within limited impact. The detailed functional separation between common MAC entity (MAC-m) and sub-MAC entities (MAC-cc)  is FFS.
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Figure 4: Exemplary U-Plane Protocol stack for component carrier aggregation
C-plane architecture for component carrier aggregation:

We believe that the c-plane protocol stack architecture (i.e. one RRC connection between UE and eNB) can be kept for component carrier aggregations regardless of message level or IE level modifications. Therefore, we propose to keep current c-plane architecture for component carrier aggregation.
Proposal 4: C-plane architecture should not be affected by component carrier aggregation. 

2.1.2.  CoMP related 

Coordinated multiple point transmission (CoMP) was discussed in RAN1 so far. We think RAN1 does not have enough progress in order to start some work in RAN2, since the scope of CoMP is still unclear. Major issue for RAN2 is if CoMP between eNBs is supported or not. If this is supported, the impact to RAN2 is large from architecture point of view. If not, impacts to RAN2 may be limited for c-plane. For u-plane, it would be up to how much optimization is needed for CoMP from HARQ perspective. This also requires further discussion in RAN1.
Proposal 5: RAN2 should wait for further RAN1 discussion on CoMP especially for architecture issue.
2.1.3.  Relay 

Support of relay is discussed in RAN1. In this section, RAN2 aspects are discussed.
Architecture issue:

Several types of Relays have discussed in RAN1. Current agreement of RAN1 is as follows:
· Relay node (RN) type1 (Relay node is seen as eNB from UE point of view) is supported. Detailed functionality for RN type1 is further discussed in RAN2 and RAN3.
· Support of other RN type is FFS

In order to avoid duplicated discussion in both RAN1 and RAN2, RAN2 should start discussion on RN type1. We have another paper to discuss RAN2/3 side of RN type 1[2].
The first question for the architecture would be whether interface between eNB and RN is standardized or not. We believe that it’s beneficial to allow multi vendor support for eNB and RN. Therefore, we propose to standardize interface between eNB and RN in 3GPP.
How RN is seen from core network is also important in order to decide the architecture. It’s preferable not to have any impact to core network by RN introduction in RAN. In order to do so, further work should be carried out with RAN3. This point is also discussed in [2] in detail.
Proposal 6: RAN2 should agree that interface between eNB and RN should be standardized in 3GPP.
Proposal 7: RAN2 should consider how RN is seen from CN point of view jointly with RAN3.
Security level of RN and security structure:
In LTE, RAN2/RAN3/SA3 had big discussion on security termination in eNB. Introduction of RN requires the similar discussion on this topic (i.e. security level of RN). We think following issues should be shared with SA3.
Issue 1:  How secure RN is. For example, it’s not so clear if RN could terminate security for RRC and u-plane by having security key.

Issue 2:  How secure RN-eNB interface and RN-UE interface are. And, how these securities should be. In LTE, 3 types of security level as supported i.e. Network level security, NAS security, and Uu security. How security 1 and security 2 should be supported need discussion in Figure 5.
Proposal 8: RAN2 should share above two issues which are seen from RAN2 perspective with SA3 for further discussion on RN.
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Figure 5: Architecture for security of Relay network

Radio resource management for RN:

There are several discussions in RAN1 on usage of MBSFN subframe for RN in order to share radio resource among eNB and RNs. This is also related with RAN2 topic. But, we think it’s too early to start radio resource management issue in RAN2. Therefore, RAN2 should wait for further discussion in RAN1 and concentrate on architecture issues including security issue discussed above.
Proposal 9: RAN2 should wait for RAN1 discussion on radio resource management.
2.2. RAN2 specific topics for LTE-advanced
This section discusses RAN2 specific topics for LTE-advanced. Since there is no discussion on LTE-advance from RAN point of view so far, only high level view is shown in this section compared with Section 2.1.
2.2.1.  Mobility enhancement

As discussed in section 2.2, there are many topics which would have a big influence to mobility support (e.g. carrier aggregation, Relay node, and so on). Basically, introduction of these new features increase the mobility latency, since e.g. entity to be involved in handover preparation is increased by introduction of RN. Therefore, in order to keep the short mobility latency which LTE achieved, we think that some mobility enhancement may be need for LTE-advanced. Several schemes (e.g. fast cell selection, forward handover and synchronized handover) are discussed so far in LTE. It will be good to reconsider these schemes and discuss also new schemes which could be applied for LTE-advanced in order to keep good mobility latency. It should be noted that the method should take into account the discussion in Rel-9.
2.2.2.  Call setup reduction

As same as mobility enhancement in previous section, call setup reduction is also topic for further optimization. Introduction of relay node and HeNB would increase some latency for call setup. Short paging cycle which will be achieved by battery enhancement would lead that ratio of call setup delay/paging cycle is increased. Therefore, it’s also necessary to consider further optimization of call setup. For example, In LTE, we gave up to use AS/NAS concatenation for first RRC message. This could be further considered in LTE-advanced in order to have short call setup latency.
2.2.3.  Support of higher data rates
By supporting component carrier aggregation and 8x8 MIMO, throughput will be quite significantly increased in LTE-advanced (i.e. from 100Mbps to 1Gbps). To rely only on the progress of semiconductor would not be sufficient as the memory access speed would not be improved. In addition, lower power consumption requires lower frequency operation. In order to achieve such scheme, some method would be necessary in RLC and PDCP. This could be considered further in RAN2.
2.2.4.  Impact to QoS control
Due to the introduction of new techniques for LTE-advanced like bandwidth aggregation and relay nodes, there might be also some impact to the QoS support compared to Rel-8. For example in Rel-8 QoS for UL transmissions respectively UL scheduling is controlled by eNB. However in LTE-advanced there might be an additional link between UE and eNB due to the existence of relay nodes, which might also impact the QoS support. Furthermore having multiple TBs in the UL in one subframe might also need to be considered within the logical channel prioritization procedure. RAN2 is asked to further investigate potential impacts to the QoS control. 
2.2.5.  Enhanced SON

In LTE-advanced, many RAT needs to be considered. For 3GPP RAT, GSM, UMTS, LTE, and LTE-advanced are need to be considered as RAT type. Introduction of H(e)NB and RN increase variety of combination. As non-3GPP RAT, 3GPP2, WLAN and WiMAX are considered as main RAT. Currently, scope of SON is limited due to fact that mobility to non-3GPP is limited (i.e. only for 3GPP2). This may be enhanced to other RAT like WLAN based on progress of non-3GPP access specification which is done in SA2 in order to have good user experience and to reduce operating cost. 
As other usage of SON, CO2 reduction could be considered. CO2 reduction is important topic. SON could be good tool to optimize power saving for network entity by collecting UE information and negotiation among NW entities. This should be further discussed. It should be noted that this is related with existing SA5 WI (YYY).
3. Conclusion
This document discusses work for LTE-advanced. It’s bit early to have some agreement in this stage. However, we would like to recommend the following for further work in RAN2.
Component carrier aggregation:
Proposal 1: Minimum scope of component carrier aggregation is to aggregate cells which have same coverage area (i.e. Figure 1). Whether other cases (i.e. Figure 2 and 3) are supported, or not is FFS at this stage 
Proposal 2: RAN2 should start investigation on what information should be provided by each component carrier. It’s also necessary to minimize the number of options. 
Proposal 3: RAN2 should start investigation on sub-MAC layer u-plane structure which supports component carrier aggregation within limited impact. The detailed functional separation between common MAC entity (MAC-m) and sub-MAC entities (MAC-cc)  is FFS. 
Proposal 4: C-plane architecture should not be affected by component carrier aggregation. 
Comp:
Proposal 5: RAN2 should wait for further RAN1 discussion on CoMP especially for architecture issue. 
Relay:
Proposal 6: RAN2 should agree that interface between eNB and RN should be standardized in 3GPP. 
Proposal 7: RAN2 should consider how RN is seen from CN point of view further with RAN3. 
Proposal 8: RAN2 should share above two issues which are seen from RAN2 perspective with SA3 for further discussion on RN. 
Proposal 9: RAN2 should wait for further RAN1 discussion on radio resource management. 
RAN2 specific topics:

we think that topic discussed in section2.2 (i.e. mobility enhancement, call setup reduction, high throughput support u-plane protocol, impact to QoS, and enhanced SON) should be further discussed in RAN2
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