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1
Introduction
In RAN1#68 it was agreed that there should be the following email discussion until RAN1#68bis:

· clarify potential requirements for CSS

· clarify the relevant scenarios and aim for common understanding of gain/pain in relevant scenarios

· aim for consensus on whether CSS needs to be supported on ePDCCH. 
Note that the discussion is aiming towards what to specify in Rel-11 (future proofness could be one consideration). 

2
Company inputs
The following companies contributed to the discussion:  LGE, ZTE, Samsung, Fujitsu, Ericsson, ALU/ASB, Motorola Mobility, CATT, China Mobile, Mediatek, Panasonic, HTC, Renesas, Huawei, RIM, Qualcomm, Potevio, Nokia/NSN, Texas Instruments, Interdigital
This section summarizes those company views on the following points in the tables below:

· Requirements which could lead to providing a Common Search Space on ePDCCH

· Scenario(s) for which a given requirement is relevant  

· Advantages

· Drawbacks   

· Any other comments

	Requirement
	Relevant Scenario(s)
	Gain/ Advantages
	Drawbacks/ Disadvantages

	Possibility of transmitting common DCIs in REs with low interference
	HetNet with time-aligned aligned control channel regions (i.e. high interference between PDCCHs) and ICIC applied in the PDSCH region
	Range extension for common DCIs by transmission in a part of the PDSCH region with low interference 
	Duplication of DCI overhead if the same DCI is also transmitted on PDCCH. The advantage over legacy CSS on PDCCH may only be significant for high CRE bias (6-9dB).

	
	
	More flexibility in terms of supporting different levels of bias values, not necessarily requiring additional specification changes and/or more stringent performance requirements on the UEs
	Duplication of DCI overhead if the same DCI is also transmitted on PDCCH.

	
	HetNet with UEs not equipped with CRS interference handling receiver (where a transmitter-based solution is used for CRS interference handling)
	Common DCI transmissions to UEs not equipped with CRS interference handling receiver in the extended cell range 
	The advantage over legacy CSS on PDCCH may only be significant for high CRE bias (6-9dB).


	Requirement
	Relevant Scenario(s)
	Gain/ Advantages
	Drawbacks/ Disadvantages

	Support for frequency domain ICIC 


	Inter-cell interference (Primarily HetNet)
	Complementing time domain ICIC for the cases where for example collisions with DCI formats scrambled with SI-RNTI cannot easily be avoided, e.g. without subframe/frame shifting.
	May not show sufficient advantage over existing solutions 

Frequency domain ICIC may be difficult for the distributed transmission of DCI messages with high aggregation levels that would appropriate for eCSS 


	Requirement
	Relevant Scenario(s)
	Gain/ Advantages
	Drawbacks/ Disadvantages

	Mitigation of CRS interference
	Macro and Hetnet with co-ordinated MBSFN subframes
	The signals transmitted on eCSS in those subframes can suffer less CRS interference
	May not show sufficient advantage over existing solutions


	Requirement
	Relevant Scenario(s)
	Gain/ Advantages
	Drawbacks/ Disadvantages

	Better support for new carrier type
	Scenarios with NCT
	An eCSS on NCT will suffer from less CRS interference when the neighboring cells employ NCT at the same frequency.

	May not show sufficient advantage over existing solutions in Release 11, since a backwards compatible Pcell is always available

	
	
	Use of eCSS can relieve the CSS capacity limitation of the backward compatible Pcell when cross-carrier scheduling is used.
	


	Requirement
	Relevant Scenario(s)
	Gain/ Advantages
	Drawbacks/ Disadvantages

	Support for ePHICH (if ePHICH is defined)
	Any case where ePHICH is used in addition to, or as an alternative to, PHICH
	Similar to ePDCCH in general (e.g. support for eICIC, reception based on DMRS rather than CRS)
Improved resource efficiency could be achieved by multiplexing ePHICH with ePDCCH CSS in the same PRB pairs 
	May not show sufficient advantage compared with existing solutions (e.g. implicit ACK)

It may be difficult to re-use any unused ePHICH resources


	Requirement
	Relevant Scenario(s)
	Gain/ Advantages
	Drawbacks/ Disadvantages

	Support for ePCFICH (if ePCFICH is defined)
	Any case with distributed ePDCCH transmission
	More efficient use of resources for distributed ePDCCH when the ePDCCH allocation is indicated dynamically by ePCFICH rather than being fixed or semi-static 
	Additional resources need to be reserved for ePCFICH, which may be difficult to re-use. 

Additional decoding delay in receiving PDSCH, if ePCFICH must be decoded before receiving ePDCCH

ePCFICH introduces an error source. In order to mitigate this, significant number REs overhead may be required for reliable ePCFICH.

	
	Any case where ePCFICH is used 
	Improved resource efficiency could be achieved by multiplexing ePCFICH with ePDCCH CSS in the same PRB pairs
	


Note: ePCFICH is assumed to provide dynamic indication of at least the resources allocated for distributed ePDCCH transmission.

	Requirement
	Relevant Scenario(s)
	Gain/ Advantages
	Drawbacks/ Disadvantages

	Increased capacity for signaling of common DCIs and  the related directly or indirectly scheduled PDSCH/PUSCH transmissions 
	DCI format 3/3A transmissions in CoMP scenario 4
	Capacity improvement and possibility of spatial resource reuse for DCI format 3/3A transmissions
	May not show sufficient benefit over existing solutions (e.g. using PDCCH, or TPC commands in DCI formats via ePDCCH in eUSS)

	
	RACH procedures in CoMP scenario 4
	Offloading DCIs used in RACH procedure to ePDCCH

Possibility of spatial resource reuse for RACH messages

Fast TP association in a cell 

RACH response is possible in MBSFN subframes
	Changes to the current RACH procedure (e.g. so that DM-RS may be used for the RAR transmissions scheduled by RA-RNTI-masked DCIs on ePDCCH) 
The need for supporting RACH on eCSS in addition to CSS is not clear


Note: The need to support for each particular DCI and/or RNTI via the CSS on ePDCCH should be considered   
	Requirement
	Relevant Scenario(s)
	Gain/ Advantages
	Drawbacks/ Disadvantages

	Forward compatibility 
	MTC UEs
	Migration towards support for narrow band operation i.e. to enable these UEs to access a network having a larger bandwidth
	Additional specification which may not bring immediate benefits

	
	Stand-alone extension carrier (if such a carrier is defined in a future Release)
	Migration towards new carrier type acting as a Pcell
	Additional specification which may not bring immediate benefits

	
	Legacy UEs are phased-out
	Migration towards DMRS/CSI-RS based operation with limited CRS
	Additional specification which may not bring immediate benefits

	
	PRB level ICIC among different release UEs
	Sufficient flexibility in the search space design for common operation of PRB level ICIC among different release UEs.
	

	
	Larger number of blind decodings in future Releases
	Sufficient CRC size like 20 or 24 bits order to avoid/reduce false detection 
	


2.1 Individual company views

Company opinions on support or otherwise for specifying eCSS in Release 11 is indicated below. Although not strictly within the original remit for this discussion, opinions on the need for ePHICH and ePCFICH are also captured here.
	
	Yes
	No
	FFS

	Need for eCSS 
	LGE, Samsung, Fujitsu, Ericsson/ST-Ericsson, ALU/ASB, CATT, China Mobile, Huawei, RIM, Potevio, Interdigital
	Motorola Mobility, Mediatek, HTC, Qualcomm, Panasonic, Nokia/NSN
	ZTE , Renesas, Texas Instruments

	Need for ePHICH
	Samsung, Fujitsu, Ericsson/ST-Ericsson, ALU/ASB, RIM, LGE, Potevio, Interdigital
	Panasonic, Qualcomm, Renesas, Nokia/NSN
	CATT, Mediatek, Texas Instruments

	Need for ePCFICH
	Samsung, Fujitsu, RIM
	Panasonic, Qualcomm, LGE, Renesas, Nokia/NSN, Interdigital, Texas Instruments, Ericsson/ST-Ericsson
	ALU/ASB, CATT, Mediatek, Potevio


Additional observations arising from the discussion:

· The proposed performance advantages and drawbacks have not been fully evaluated in many cases 
· There may be insufficient time to standardise eCSS in time for Rel 11

· Larger CRC size could be considered for ePDCCH in order to allow more blind decodings per cell without raising the number of false alarms 
3

Conclusions
Based on the inputs received so far, there is not full consensus on support for CSS on ePDCCH in Release 11, and there are differences in opinion on the size of the benefits and the significance of the drawbacks in the cases considered. Several companies indicated that they saw no significant motivation for CSS.on ePDCCH. Based on the majority view, the following conclusions can be proposed:-

· CSS should be supported on ePDCCH

· Whether all the DCI messages supported on PDCCH are supported on ePDCCH is FFS
· If ePCFICH and/or ePHICH are defined, whether ePCFICH and/or ePHICH should be multiplexed with ePDCCH  (in the CSS) should be investigated
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Annex: Detailed comments

ZTE

We have comment on the exact common DCI format can be carried in that common search space, we would like to have the "Requirement" to be more specific. This would be clearer for how the duplication of common information will be for case ePCCH in compatible carrier. And will be also
be informative for using it in NCT case. We can list the exact information, e.g. Paging, RACH response, Group PC or Others. Then we can draw connection on the list to the scenarios been proposed and study in Rel-11. At least we are not sure what specific information we have to support in CSS of common search space.

We should not assume the PHICH should be transmitted in so called common search space. Looking at the resource need for ePHICH and CSS, it is quite different since legacy PDCCH. I guess we don't have the assumption that both should be bundled together. 

LGE

It would be better to write each specific DCI in the requirement part as different DCI messages are likely to have different pros and cons. In addition, I think ePHICH can be added as a requirement part because it shares some commonality with ePDCCH CSS, e.g., they are monitored by multiple UEs. One reason to define CSS on ePDCCH could be multiplexing ePHICH with ePDCCH CSS in a set of PRB pairs for the resource efficiency.

In addition, I'd like to add some more requirements of ePDCCH CSS as summarized below:
- One use case of placing common DCIs in PDSCH region would be to transmit the DCIs to the low-end UEs which are not equipped with CRS interference cancellation receiver.
- One requirement of ePDCCH CSS would be to increase the capacity of some DCIs (e.g., DCI format 3/3A and RACH-related DCIs) in CoMP scenario 4.
With the wording "related SCH transmissions" I wanted to mean PDSCH/PUSCH transmissions scheduled (directly or indirectly) by the common DCIs.

One example would be the random access response (message 2 in RACH procedure) which is scheduled by DCI masked with RA-RNTI. If ePDCCH CSS is defined and RA-RNTI-masked DCI is transmitted on ePDCCH, it is possible to increase the capacity of the RAR transmissions as well as the scheduling DCI (i.e., RA-RNTI-masked DCI) transmissions. 

Having this feature will provide improved RAR transmission capacity which is essential in CoMP scenario 4. As the coverage of a cell is expected to be extended largely in CoMP scenario 4, more capacity will be needed for handling necessary RACH procedure. Furthermore, in order to maximally exploit the spatial resource reuse effect based on DM-RS, many subframes need to be configured as MBSFN subframe in CoMP scenario 4, which will lead to reduced opportunity for the legacy RAR transmissions that are based on CRS. In an extreme case, only 4 out of 10 subframes can be used for RAR (SF#0, #4, #5, #9 in FDD) with legacy CSS, and morevoer, this legacy CSS should be shared by DCIs for paging and SIB in those subframes. Please note that this discussion is based on the assumption that DM-RS is used for the RAR transmissions scheduled by RA-RNTI-masked DCIs on ePDCCH.  

Message 3 in RACH procedure could be an example of PUSCH transmissions scheduled by common DCIs. Actually, this message is actually scheduled by RAR, so in some sense we can regard this as a kind of indirect scheduling from common DCIs.

LGE2:

Please let me clarify LG's view on ePHICH and ePCFICH. We think that ePHICH is needed mainly for the increased PHICH capacity in CoMP scenario 4 and the UL HARQ operation in the new carrier type. On ePCFICH, we don’t see its necessity because PRB pairs not used for the actual E-PDCCH transmission can be used for PDSCH transmission easily.
Samsung: 
We think that support for ePDCCH CSS is required primarily for the following reasons 

· ICIC for het-nets - no need to duplicate scheduling of system information (the network may schedule system information in ePDCCH CSS only in ABS)

· Enhanced DCI format 3/3A capacity for CoMP scenario 4

· Forward compatibility  MTC UEs, stand-alone extension carrier, migration towards DMRS/CSI-RS based operation with limited CRS as legacy UEs are phased-out.

We note that ICIC support and enhanced capacity were among the agreed requirements for ePDCCH.

We do not see any duplication of overhead, or complexity issues, or generally any disadvantage with supporting ePDCCH CSS.

For example, we do not agree with any of the listed disadvantages for the first requirement in the current document – that is, we do not agree that providing ICIC for het-nets requires “Duplication of DCI overhead” and the “Requires interference co-ordination in the PDSCH region for greatest benefit” is puzzling as this is already a Rel.11 network capability and a requirement for ePDCCH in general.

Regarding ePHICH, although this issue is largely unrelated to the discussions for ePDCCH CSS, we think ePHICH should be supported.

It is better not to list the reasons here – they were extensively discussed during Rel.8 for the PHICH. We do not think the Rel.8 decision to have PHICH was incorrect. 

We also do not think that using enhanced control channels should lead to an operation with more overhead and worse spectral efficiency than using legacy ones.
Similar rationale applies for an ePCFICH which we think should be supported as well.

We consider its support essential at least for distributed ePDCCH if its use is not to result to (much) worse spectral efficiency than legacy PDCCH (a requirement).

Basically, we see distributed ePDCCH being a mirror image of legacy PDCCH, by flipping the time-frequency dimensions, using the exact same functionalities. 

In addition to fundamentally re-using the robust and proven design of Rel.8 PDCCH, this can also benefit specification/testing/deployment.

Legacy PDCCH is transmitted over the entire system BW with the resource unit being in the time domain (one OFDM symbol is always assumed to exist).

Distributed ePDCCH is transmitted over the entire subframe (minus the legacy DL control region) with the resource unit being PRB pairs.

As for always assuming one OFDM symbol being present for legacy DL control, the same applies for the minimum resources of distributed enhanced DL control – e.g. 4 PRB pairs at 20 MHz (or any other configured value).

The functionality and transmission of ePCFICH is then as for the legacy PCFICH.

For example, the ePCFICH (transmitted in the minimum set of PRB pairs - as PCFICH is transmitted in the minimum number of OFDM symbols) can indicate if the PRB pairs for distributed ePDCCH are 4, 6, or 8.

The reason for ePCFICH is the same as the reason for PCFICH. Basically, the ePCFICH overhead can be similar to the PCFICH overhead which is as low as 0.1% of the subframe resources (20 MHz).

The average resource savings for data transmission from using PCFICH is more than 7% (non-full buffer traffic) - this directly translates to very significant throughput gains in a very simple way without imposing any scheduler restrictions.

If a fixed/semi-static size is selected for distributed ePDCCH resources, the scheduler will have to reserve the maximum ones if restrictions are to be avoided (which will also impact throughput). 

Reserving the maximum resources and considering dynamic UE scheduling (especially with non full buffer), will lead to a significant % of resources wasted on average (depending on the assumptions).

As for the PCFICH, we see ePCFICH as being highly beneficial for ePDCCH in the “overhead required vs. overhead saved” tradeoff.

Moreover, unlike Rel.8 PCFICH for which a new design was needed, this is not the case for ePCFICH as the existing PCFICH design can be largely re-used (coding, etc.).
Samsung2:

Please note that if X PRB pairs are used for E-PDCCH, it is irrelevant whether the E-PDCCH transmission type is distributed, localized, mixed, or whatever else.

Regarding the CSS requiring 576 REs, this was the maximum allowed in Rel.8 and was done mainly for coverage purposes.

The average number of REs for SI/P/RA/TPC  RNTI type purposes is much less than 576 - the rest are used for C-RNTI scheduling (otherwise we wouldn’t be practically able to do any scheduling at 1.4/3/5 MHz).

For example, no more than 1/3 of the subframes schedule SIB, there aren’t many subframes per frame with a RACH response, etc.

There is no reason not to do the same for E-PDCCH and there is no ICIC-related problem with using 4 PRBs for CSS (1.4/3 MHz can have less REs/PRBs – the same issue exists with legacy PDCCH).

Also, please note that it is not necessary to use 576 REs for CSS with E-PDCCH but substantially less may be used, if the network so chooses. 

Considering that the transmission extend over the whole subframe, coverage is no longer as big an issue as for legacy PDCCH (e.g., when needed, up to 6 dB power boosting can apply).

Nevertheless, using 4 PRBs is beneficial for interference/frequency diversity and for link adaptation (again, we do not see any ICIC issue if CSS is shared with UE-DSS as in Rel.10).
Samsung3
Regarding E-PCFICH, we prefer the previous version (v 6 rather than v7) of the email summary as both the E-PHICH and the E-PCFICH follow legacy operation.

Of course, if operation with E-PDCCH does not require E-PCFICH, we should not have it.

An appropriate comparison for operation with/out E-PCFICH is first needed to determine whether there is sufficient motivation/benefit to abandon an existing design for possibly introducing a new one. 

However, no discussion has yet occurred on this (other than this email thread) and several issues are unclear to us for operation without E-PCFICH.

For example, it was argued that PRBs not used by E-PDCCH can "simply" be used for PDSCH.

We would like to understand/discuss the details of this and compare with the case that an E-PCFICH exists.

Also, we would like to understand/discuss the UE decoding process if E-PDCCH PRBs are added/removed without the UE knowing.

Fujitsu:
A CSS should be supported by ePDCCH, in the sense that it should be possible to send DCI messages to multiple UEs. The main motivations are support for FeICIC in HetNets and increasing the control channel capacity. In addition multiplexing efficiency would be improved if ePCFICH and ePHICH (if they are defined) can be multiplexed in the same resources as ePDCCH, which would conveniently be supported by providing a CSS. Considering future-proofness, it would be desirable that Rel11 UEs can support modes of operation which can be foreseen now (such as operation with no or reduced CRS), provided this can be done with reasonable complexity/cost. 
Fujitsu2:

On the resources required and the feasibility of ICIC for distributed ePDCCH and eCSS, Fujitsu supports the argument advanced by Samsung. There would not be any additional ICIC issues for eCSS, particularly if eCSS is shared with the UE Distributed Search Space. 
Ericsson/ST-Ericsson:

Ericsson and ST-Ericsson agree to a large extent to the motivations provided so far on the requirement for a UE to be able monitor CSS in the ePDCCH. In the HetNet scenario, there was identified a problem to receive the PDCCH for cell edge UEs and the Rel.10 solution was to introduce ABS. Rel.11 provides a complementary solution to this PDCCH reception problem through the ePDCCH with frequency domain ICIC possibilities. Having a Rel.10 solution to the interference problem for the PDCCH should not prevent us from avoiding the problem when designing the ePDCCH.

Hence, it is required that a UE can be configured to monitor the complete CCH in the ePDCCH, that is, including the CSS. We don’t see a clear benefit of splitting up the CSS further by e.g. monitoring some subset of DCIs or RNTIs in PDCCH and another subset in the ePDCCH since the fundamental problem the ePDCCH solves in a HetNet scenario is that a UE cannot monitor the PDCCH at all. 

A UE can thus be configured to monitor the USS in ePDCCH and in this case further be configured to monitor CSS in either PDCCH or ePDCCH. Having the possibility to monitor the CSS in ePDCCH could also solve potential RAR capacity problems mentioned by LGE in the shared cell scenario as it provides area splitting gains also for RAR. 

The same problems of receiving PDCCH in the HetNet scenario also exists for receiving the PHICH so an ePHICH also needs to be specified, which has frequency domain ICIC possibility and provides increased A/N capacity by area splitting gains. We have a comment also regarding the ePCFICH proposed by Samsung. A difference between PDCCH and ePDCCH is that unused ePDCCH resources (i.e. PRB pairs) can be used for PDSCH transmissions. So in the case the number of configured PRB pairs for ePDCCH is much larger than the actual need in a given subframe, most configured PRB pairs does not contain ePDCCH, if designed properly, and can instead be used for PDSCH. Hence, the ePDCCH overhead becomes self-regulating as opposed to the PDCCH where a PCFICH is needed. Therefore, we don’t see a strong motivation for an ePCFICH.   
ALU/ASB:

We agree that ePDCCH should be supported, mainly to support frequency-domain ICIC in HetNet, increase the capacity of the CSS, and provide better forward compatibility. Although time-domain eICIC is already supported, it requires configuring some subframes as ABS in the macro cells. Frequency domain ICIC is an alternative way to perform interference coordination, and can potentially improve the system capacity because it does not need ABS to be configured any more, or can reduce the need for ABS configuration when some legacy UEs exist.

With the motivation of frequency-domain ICIC and the ACK/NACK collision avoidance for UL semi-persistent scheduling in CoMP Scenario 4, we think ePHICH should be supported. But ePHICH could potentially take advantage of the CSI feedback (similar to ePDCCH), and it does not need to be received by all the UEs. So we don’t think ePHICH should be tied with CSS at this early stage.

ePCFICH might be useful for distributed transmission. But it largely depends on the search space design, which is still unclear at this stage. Therefore, the need for ePCFICH is not yet clear, and further investigation is needed.
Motorola Mobility:

We do not see a clear need for supporting CSS on EPDCCH (eCSS). 

For backwards compatible carriers, sending both CSS and eCSS increases control signalling overhead. Also, if eCSS is supported, paging, RAR and SIBs may have to be repeated using both CRS based and DMRS based transmission schemes (in same or different subframes). This reduces overall spectral efficiency of the carrier. 

For the new carrier type (NCT) being considered in Rel11, since it is associated with a backwards compatible carrier, there is no need for supporting a CSS on it.

With regard to various motivations/scenarios given for eCSS:  

· For Rel10 HetNet scenarios with up to 6dB CRE bias, no problem has been identified with CSS operation using legacy PDCCH. For Rel11 HetNet scenarios with 6-9dB CRE bias, legacy PDCCH reception is impacted but RAN1 has already identified a solution (CRS interference handling) to address this problem. CSS on EPDCCH can also be used to address the same problem. However, unless the UE is given the flexibility of supporting only one of these options, the need for supporting both CRS interference handling and CSS using EPDCCH is not clear to us. 

· For CoMP (scenario 4) while we see the need for using EPDCCH to signal UE specific DCI, the need for using it to schedule paging, RAR and SIBs is not clear. Even if the messaging overhead for paging and RAR were to increase, it is not clear why the existing mechanisms (i.e. scheduling multiple pages/RARs using a single P/RA-RNTI PDCCH) are not sufficient to address the problem. For DCI 3/3A, instead of introducing an eCSS, current mechanisms (delaying 3/3A for a few subframes, using DCI0 to signal urgent TPC commands) can be used to address any capacity constraints. 

· For future compatibility with carriers that are not associated with any backwards compatible signalling of system information, the need for supporting such carriers (even for a future Release) has not been agreed in either RAN1 or RAN. Also, since the characteristics of such carriers are currently undefined, it is not clear how we can identify a CSS design that is suitable for them. 

CATT:
We think for the following scenarios, we need CSS defined in ePDCCH: 

· Frequency-domain ICIC for CSS

In co-channel heterogeneous network deployment with range expansion, the reliability of the legacy PDCCH would be degraded severely due to high inter-layer interference. If a Rel-11 UE monitors common search space in legacy PDCCH and UE specific search space in E-PDCCH, it will lead to imbalance coverage between common search space and UE-specific search space. Even if almost blank subframes are configured in Macro mode, the UEs in low power mode will suffer the CRS interference when they monitor the common search space in legacy PDCCH. Therefore, common search space transmitted in E-PDCCH can effectively mitigate the inter-layer interference.

· Increased capacity of CSS

In CoMP scenario 4, each RRH has the same cell-ID as Marco node. Hence, all the nodes share the same common search space on legacy PDCCH. With increased number of UEs served by the RRHs, the CSS on legacy PDCCH need to support more DCIs scrambled by common RNTIs, e.g. RA-RNTI, TPC-PUCCH-RNTI and TPC-PUSCH-RNTI. The CSS capacity on legacy PDCCH may not be sufficient.

· Potential new feature in future

As for the low cost MTC, the reduced receiving bandwidth is considered as a potential way for cost reduction. Low cost MTC UEs need access the LTE network with a larger bandwidth than that supported by the MTC UEs, in which case the low cost MTC UEs cannot decode the legacy PDCCH correctly since PDCCH is interleaved in the larger bandwidth. In this case, common search space in E-PDCCH is required.

Regarding some concern on duplicated overhead, looking further into details of each RNTI types there seemed to some duplication if any but in our view should be acceptable. 

Considering different scenarios need for ePHICH is for further study, but the motivation for ePCFICH is unclear.

China Mobile:

We share the view that common search space should be supported in ePDCCH (eCSS). Some main motivations and benefits in the relevant scenarios are as follows:

· Frequency-domain ICIC: As an important feature for ePDCCH, frequency-domain ICIC will offers much gain for eCSS, especially in the range expansion areas of HetNet. In contrast, legacy CSS doesn’t have enough degrees of freedom to avoid/reduce the PDCCH interference from neighboring cells. (Main scenario: HetNet)
· Reduced CRS interference: CRS interference is an important issue in HetNet as well as in the Marco cell scenarios. Although advance receiver has been proposed to address the CRS interference, it is not very clear the real performance at current stage. Moreover, we are not sure whether each Rel-11 UE will implement advance receiver.  If eCSS is introduced and the neighboring cells can configure some MBSFN subframes with coordination, the signals transmitted in eCSS can suffer from less CRS interference and get better performance in the corresponding subframes.  (Main scenario: HetNet, Macro)
· Larger CSS capacity: As many companies have pointed out, one potential issue of Scenario 4 is the CSS capacity limitation since legacy PDCCH loses the cell splitting gain and cannot increase the CSS capacity. eCSS is good candidate to relieve the capacity limitation.  (Main scenario: scenario 4)

· Better support for new carrier type: It is expected that CRS density will be reduced. Thus eCSS in NCT will suffer from less CRS interference when the neighboring cells employ NCT in the same frequency. Meanwhile, it will relieve the legacy CSS capacity limitation of some backward compatible carrier due cross-carrier scheduling. (Main scenario: scenarios with NCT)

Therefore, we think it is beneficial to introduce CSS to ePDCCH.      

Mediatek

[CSS support in ePDCCH]

From the discussion, the main motivation to support CSS defined in ePDCCH are frequency-domain ICIC for CSS in HetNet, increased RAR capacity in CoMP scenario 4 and forward compatibility.

Regarding to frequency-domain ICIC for CSS in HetNet, we are wondering whether there are urgent needs to provide two solutions to solve one problem in R11.  For CRE in HetNet, we think ABS + interference cancellation on CRS can already provide performance improvements for legacy PDCCH.  In addition, supporting CSS in PDCCH can also enable early blind decoding for CSS to allow longer PDSCH processing time for HARQ-ACK.

Regarding to RAR capacity issue in CoMP scenario 4, we currently didn’t see detailed analysis about how much RAR capacity is needed for CoMP scenario 4.  Without clear understanding about the capacity requirements, we don’t see good motivation to have CSS in ePDCCH currently.

Regarding to forward compatibility, we think a more possible application scenario is for low-cost MTC.  However, it still lacks of a clear picture about how low-cost MTC will go yet.  For other features, we also don’t see strong motivations and benefits to have CSS support in ePDCCH.

Therefore, from UE complexity perspective, we slightly prefer to support CSS in PDCCH in R11.

[Support of ePHICH]

If CSS is not supported in ePDCCH, there is no strong motivations to support ePHICH either.  If CSS is supported in ePDCCH, there may be motivation to have ePHICH.  However, it requires further discussion after the decision on CSS support in ePDCCH from our views.

[Support of ePCFICH]

We don’t think it’s necessary to support ePCFICH for dynamic resource adjustment between ePDCCH and PDSCH.  The system can always configure UE larger ePDCCH for monitoring and allocate some of remaining resources in ePDCCH to PDSCH to have certain dynamic resource adjustment for ePDCCH.  We don’t see strong motivations to support ePCFICH.
Panasonic:

Our reply is following on identified use cases. 

Possibility of transmitting common DCIs in REs with low interference
Our understanding is these are intended for Idle mode UE in HetNet with 9 dB CRE. If idle mode is supported by HetNet with 9 dB CRE, the UE is required to read SI, paging and RACH response up to -9 dB geometry. However we think a CRS canceller based method can work also for the common channels of PDCCHs. The need of two solutions for the same problem is not clear to us. Whether Idle mode feICIC is supported is not yet concluded in RAN2. In addition, it can be handled by the victim cell by adjusting the power or redundancy of the DCI format.

Support for ePHICH (if ePHICH is defined)
We do not think that any ePHICH is strictly required. We think the overall potential saving of a potential ePHICH compared to sending an explicit (e)PDCCH on the system perspective is negligible. It further complicates the search space design and always blocks resources, even if adaptive retransmissions are used that render the ePHICH content for that case useless. 

Support for ePCFICH (if ePCFICH is defined)
We do not see any motivation of any kind of ePCFICH, since the UE-specific search space is anyway configured by RRC in our view, and unused resources can be reused dynamically by PDSCH by proper RA field assignments. In addition, ePCFICH structure mandates sequential decoding i.e. before ePDCCH decoding, ePCFICH decoding is required to be finished. Apart from the increased decoding time of the overall enhanced downlink control, it adds a new error source if ePCFICH is not read correctly.

Increased capacity for signaling of common DCIs and the related directly or indirectly scheduled PDSCH/PUSCH transmissions
DCI format 3/3A are not the only means for power control, since TPC commands are generally available also in the other DCI formats. So we think before adding a CSS solely for this reason, the exact requirement of the added capacity needs to be identified. Additionally, since the ePDCCH offers increased capacity for dedicated DCI, more resources are available in the PDCCH CSS that can be used.

Forward compatibility
We think the design of a CSS can be completely independent of the UE-specific search space that should be specified in Release 11. So we do not see any conflict with adding a CSS in a later Release, if sufficiently motivated by low cost MTC, new carrier type, or the like. We think the following two points need to be taken care of in Release 11 for forward compatibility including CSS in later Release:
1)    To have sufficient flexibility for the search space design for common operation of PRB level ICIC among different release UEs.
2)    Sufficient CRC size like 20 or 24 bits order to avoid false detection discussion when blind decoding trials are increased.
Panasonic2:

Our position on eCSS in Release 11 is No, for later it is (by definition) FFS. 

And some more clarification on our position. From the technical perspective, we don't totally disagree on some benefits of eCSS itself. 

On the other hand, Release 11 stage 3 should be finalized in September this year and ASN.1 frozen in December. To really realize the merit of eCSS, in addition to RAN1 work, large amount of RAN2 work is necessary for the utilization of ePDCCH from RRC_Idle mode UE. Another potential area is stand-alone NCT. These requirements from the protocol perspective should be taken into account for the proper design of eCSS. 

We are not sure such a design is feasible within the Release 11 time frame. Without taking into account the protocol requirement or other part of the design requirement like those from MTC, the design would be sub optimal. We think such a sub optimized design could be more harmful from a forward compatibility perspective. In addition, we think that for most of the motivated scenarios and use cases there are already methods how to live without eCSS on ePDCCH, so having a eCSS in Release 11 is from that point of view just "nice to have". On the other hand, the UE specific search space does not have such forward compatibility issues as far as it is operated in RRC_Connected only. Therefore, we'd like to prioritize the UE specific search space in Release 11 and keep a eCSS design for later Releases, when the new requirements (NCT, MTC, etc.) are sufficiently clear and with a better understanding of the motivations.

Panasonic3:

In response to a question from the moderator:”Assuming that eCSS is delayed to a future release, should the interest in adding such a feature influence the design of ePDDCH for Release 11 (for forwards compatibility)?”
In my view, it should be possible to design the eUSS (if we want to call it like this) in Release 11 such that a later addition of eCSS should not impose a big problem, i.e. without restricting the eCSS details very much.

For example, assuming that we will have something like eCCE in Release 11, it should be not too difficult to use the same eCCE definition for the usage of a eCSS. For PDCCH, 36.213 already allows an overlap of USS and CSS. I don't see how an overlap could introduce a problem for ePDCCH.

Actually, as a counter-question I would be interested to see some analysis why proponents think that a later introduction of eCSS could impose a major problem. So far, I haven't seen any argument to this end in the discussion. We have discussed scenarios and use cases of a eCSS in Release 11, and polled for drawbacks. I think it would also be fair to check the issue of drawbacks if we don't include the eCSS design in Release 11.

As mentioned before, we think for future-proofness, we should consider the CRC length and ICIC among different releases, as you are already reflecting in your latest summary.

HTC:
The main motivations to introduce CSS on E-PDCCH are FDM-ICIC under hetNet, CSS coverage extension, increased capacity under CoMP scenario 4 and low-cost MTC device which may have reduced control channel bandwidth.

Considering FDM-ICIC under hetNet, if CSS is supported for E-PDCCH, it is reasonable that about 576 REs (5~6 PRB pairs) should be reserved which is similar to CSS in legacy PDCCH.

And it is also reasonable to use distributed scheme for CSS for it contains broadcast information.

Yet, for distributed scheme are distributed among the frequency domain, 

the original distributed E-PDCCH with these additional 5~6 PRB pairs of E-CSS may result in far fragmented bandwidth which affects eNB scheduling flexibility. 

On the other hand, the FDM-ICIC may be harder to achieve with this fragmented bandwidth caused by the duplicated overhead.

We agree that the combination of FDM-ICIC and TDM-ICIC provides better flexibility than TDM-ICIC only.

But the current combination of ABS and CRS interference cancellation seems to have no fatal drawback.

Considering CSS coverage extension, it is noted that CSS with distributed scheme cannot utilize beamforming gain.

As a result, the different coverage problem for UESS and CSS may still exist even with CSS on E-PDCCH.

The requirement of increased control channel capacity under CoMP scenario 4 is not clear now.

And if E-CSS is introduced for this reason, more than previous mentioned duplicated 5~6 PRB pairs are needed and the above-mentioned problems may be further severe. 

It is noted that at least we have duplicated overhead for transmitting the DCI with RA-RNTI in E-PDCCH (at least for contention-based RACH procedure).

It is also unclear now whether low cost MTC UEs have reduced control channel bandwidth or not. 

We see no urgent need to support reduced control channel bandwidth for MTC UEs at this stage.

As a result, we prefer that UE monitor CSS on legacy PDCCH for Rel-11.
HTC2:

Please kindly note that in our previous E-mail HTC shares the same view with QualComm. With eCSS on distributed E-PDCCH, it becomes harder to achieve frequency domain ICIC. However, it is not the same case for distributed transmission of E-PDCCH in general. The frequency domain ICIC becomes difficult only when every eNB schedule large number of PRB pairs for distributed E-PDCCH which seems not to be the general case for it can be controlled by eNB scheduling.

But with eCSS on distributed E-PDCCH, additional 576 REs (similar to number of legacy CSS) should always be reserved for distributed E-PDCCH by eNB and makes it more unavoidable for distributed E-PDCCH to occupy large number of PRB pairs. Therefore, frequency domain ICIC becomes harder to achieve with eCSS on distributed E-PDCCH. This is our opinion.
Renesas:

We also see two main motivations of supporting CSS on ePDCCH as 

· Frequency domain ICIC, both enabling true frequency domain ICIC operation, one of the motivations of introducing ePDCCH in the first place, and also complementing time domain ICIC for the cases where for example collisions with DCI formats scrambled with SI-RNTI can not easily be avoided, e.g. without subframe/frame shifting.

· Low cost MTC UEs with reduced bandwidth capability: if bandwidth reduction is needed to lower the cost then it is pretty clear that there will need to be a mechanism to enable these UEs to access a network having a larger bandwidth.

That being said, if we specify CSS on ePDCCH in Release 11, it should be emphasized that it should be specified such that the UE is able to access CSS on ePDCCH independently of PDCCH (standalone), as essentially required to enable both of above-mentioned motivations.

On ePHICH, we do see that legacy PHICH may not be sufficient in case of ePDCCH-based scheduling and hence something else may be needed for A/N transmission. However there does not seem to be a strong need to have a new physical channel for this purpose. If something else than implicit A/N –based mechanism is used, transmitting A/Ns multiplexed on CSS could be considered as one option.

On ePCFICH, we do not agree that ePCFICH is a motivation or a requirement to specify CSS. We should rather focus on the need to have ePCFICH in the first place – so  far we have not observed any strong motivations to have it keeping in mind that the unused ePDCCH resources can be reused for PDSCH.

Huawei:

Requirements for CSS:

In our view, there are several reasons to support CSS, as explained in contribution R1-120997.

1. Transmission of paging indications and SIB information.

2. RACH responses: when a UE RACHes in, the eNB does not know the UE ID, and so, with a UE-specific search space, cannot send the RACH reply in the UE-specific search space, so having a common search space is desirable.

3. Forward compatibility for lower-bandwidth MTC units and standalone carriers.

In theory, 1 and 2 do not require an ePDCCH CSS, as the regular PDCCH CSS could be used. However, this could lead to some problems: first, in high-interference scenarios, (e.g., large CRE values), it is not guaranteed that the PDCCH CSS is not heavily interfered. Second, there might be a capacity problem on the PDCCH CSS, especially for scenario 4, where one PDCCH CSS might be used by a lot of RRHs. In order to provide maximum flexibility, we think that which CSS to monitor: PDCCH or ePDCCH should be configurable, as described in 997.

It also has to be noted that an ePDCCH CSS does not waste resources, since unused RBs in the CSS could be used for PDSCH transmission. Consequently, it is safer to have an ePDCCH CSS.

Scenarios for CSS:

We think that the scenarios for evaluating CSS should be scenarios 3 and 4, since these are the likely cases where there will be large interference, and potentially need for more capacity on the CSS. Emphasis should be put on evaluating the FD-ICIC impact, and need for frequency diversity.
RIM:  

We have views on the following subjects which are under discussion,

1. To support CSS in E-DPCCH could benefit the following scenarios: frequency ICIC, MTC, new type of carrier which does not support legacy PDCCH, the transmission of E-PHICH and E-PCFICH, consistent coverage as E-PDCCH. The support of CSS in E-PDCCH could be configurable and they could be configured separately or together with distributed E-PDCCH transmission. 

2. To support E-PHICH would benefit some similar scenarios as supporting CSS in E-PDCCH. The transmission of E-PHICH could be in CSS and/or USS in E-PDCCH or in separate resources

3. To support E-PCFICH could allow the dynamic configuration of distributed E-PDCCH transmission which would save the resources. The transmission of E-PCFICH could be configurable or signaled by MIB. It could indicate the resources for distributed E-PDCCH transmission. 

  In summary, we believe there are needs to support CSS, E-PHICH and E-PCFICH. 

  We submitted two contributions on relevant subjects

7.6.2
Discussion/Decision
R1-121478
Search Space Design for E-PDCCH
Research In Motion UK Limited

7.6.5
Discussion/Decision
R1-121481
Other Control Channel for E-PDCCH
Research In Motion UK Limited
Qualcomm:
Regarding CSS for e-PDCCH, generally speaking, there are two main motivations to support common search space (CSS) for e-PDCCH in Rel-11:

·             Improved Hetnet support

·            For the new carrier type

Since CSS targets a group of UEs, it has to follow transmit diversity (vs. beamforming) based transmissions, distributed over a reasonably large bandwidth for necessary reliability and robustness. FDM based interference coordination for CSS e-PDCCH thus becomes very difficult, similar to the legacy PDCCH case. In addition, support of CSS e-PDCCH does not eliminate the need for ABS configurations, since the ABS configurations are necessary for RLM and RRM procedures. Thus, the support of CSS e-PDCCH is not necessary from the Hetnet perspective.

For the new carrier type in Rel-11, it is always associated with a backward compatible anchor carrier. The new carrier type for a carrier aggregation UE is always a secondary component carrier, which does not carry common search space for the UE. The support of CSS e-PDCCH is thus not necessary from the new carrier type perspective either.

Regarding e-PHICH, we don’t see a strong need for e-PHICH in Rel-11 either, based on similar design considerations for e-PHICH and CSS (both are expected to be transmitted in a distributed manner). Legacy PHICH can be used instead.

Regarding e-PCFICH, we don’t see a strong need for e-PCFICH in Rel-11. This is due to the fact that any reserved but unused e-PDCCH resource can be easily reused by PDSCH transmissions.
Qualcomm2:

In response to the following comments from the moderator:”It seems that your negative position on eCSS is based on the argument that it is difficult to implement frequency domain ICIC for distributed ePDCCH. And distributed transmission would be needed for eCSS.

However, if this is really the case, then I wonder if the same situation would apply for distributed transmission of ePDCCH in general, which would put into question the need to support distributed transmisison on ePDCCH at all.”
The reason for our negative position on CSS e-PDCCH in Rel-11 is because we don't see  a compelling reason to introduce it in Rel-11.

Regarding your specific question, with the legacy PDCCH which is fully distributed, the need for distributed e-PDCCH is certainly weaker than the localized e-PDCCH. Different from the CSS e-PDCCH, UE-specific e-PDCCH targets a specific UE, and can utilize both power control and aggregation level management. Low aggregation levels for distributed UE-specific e-PDCCH are quite possible. However, this is not the case for CSS e-PDCCH, for which large aggregation levels are expected, which makes it very difficult to perform FDM based Hetnet.
Potevio:

Potevio views on eCSS, ePHICH and ePCFICH are as following:

With ePDCCH, FDM ICIC can be achieved for UE-specific DCI transmission. It is natural to reuse it for common DCI transmission by introducing CSS in ePDCCH, especially for the range expansion area in HetNet. Larger number of UEs will be served in CoMP scenario 4, thus there is need to support eCCS to meet the larger capacity requirement for paging, power control and RAR transmission. Regarding ePHICH, the motivation is similar to eCSS. Thus, we think, it is beneficial to support eCSS and ePHICH.

ePCFICH aims at resource saving for distributed ePDCCH. In our view, it highly depends on the detailed design of ePDCCH, e.g. multiplexing of distributed/localized ePDCCH, ePDCCH to RE mapping etc.. Thus, it seems better to discuss the support of ePCFICH after relevant details of ePDCCH design are specified.

Nokia/NSN:
Here is the consolidated response on the CSS discussions from Nokia and Nokia Siemens Networks.

Our starting point is that in Rel-11 a UE is connecting to the system using the legacy PDCCH, and is configured to operate on using the ePDCCH afterwards. Hence, the UE will always have access to the common search space that is available on the Pcell, and this should be sufficient to provide the needed information for both SI and paging. Further, by introducing another CSS in association to the ePDCCH, we will end up with double resources for the common signaling. This will effectively mean that we would potentially have to transmit the same signaling messages via both the legacy PDCCH and ePDCCH (each potentially referring to different PDSCH resources). Based on this, we also have the view that a UE should be able to search both the legacy PDCCH and the ePDCCH when configured for ePDCCH. So to conclude on the CSS discussion itself we prefer that the CSS is located and carried by the legacy PDCCH, which is also able to provide (1) distributed transmission, (2) transmit diversity, and (3) power boosting. All these means are efficient in providing cell level coverage.

Similarly to Qualcomm we see that neither Hetnet support nor the new carrier type require a CSS for ePDCCH in Rel-11 as we in both cases can have an associated PCell carrying the CSS. The Hetnet support is perhaps a little overemphasized argument in this discussion taking into account that it is not explicitly mentioned in ePDCCH WID.

At present, we do not see a need for providing additional resources to carry an ePHICH on the ePDCCH resources. If a strong need is identified (for instance CoMP scenario 4), we have the opinion that RAN1 should try to find solutions to provide additional PHICH resources without "polluting" the PDSCH or ePDCCH resources. One solution that has been pointed out in several contributions is the use of implicit Ack.

On the discussion of the ePCFICH, we do not see a need for this functionality. The PCFICH for the legacy PDCCH was introduced to be able to control the division between control area and data area. This mechanism is not needed for the ePDCCH, as the unused PRB pairs can be dynamically used for PDSCH. This has already been pointed out by several other companies, and we support their views on this.

To summarize, in Rel-11 we prefer to utilize the CSS of the legacy PDCCH but in a later release we can of course consider to standardize CSS for the ePDCCH. We also believe that forward compatibility for this should be considered in Rel-11.
Texas Instruments:

We agree supporting CSS on ePDCCH benefits the common control signals through frequency domain ICIC. Such benefits are achievable for both distributed and localized ePDCCH transmission by properly configuring the ePDCCH resources in the frequency domain. On the other hand, Rel.11 ePDCCH is supposed to be configured by PDCCH. This seems to suggest that a UE receiving ePDCCH must have already successfully decoded the PDCCH despite the intercell interference. Therefore, it’s unclear how essential this feature is. 

Regarding ePHICH, the main benefit in our understanding is in terms of DL ACK/NAK capacity improvement for CoMP scenario 4. We believe a more concrete study on the DL ACK/NAK capacity under realistic traffic / deployment scenarios is helpful to decide on ePHICH in Rel.11. An additional side benefit is that the network doesn’t have to rely on cross-carrier scheduling in the case of new carrier type. 

Concerning ePCFICH, we share the same view that it is not needed in Rel.11, since unused ePDCCH resource can be assigned for PDSCH transmission with a proper ePDCCH design. 

Texas Instruments2:

In response to Interdigital

We share your view that the ePDCCH resources (e.g. PRB pairs) should be configured by higher-layer signaling to benefit from frequency domain ICIC. Such RRC higher-layer configuration is achieved by PDCCH grant in our understanding. Implicitly defining the ePDCCH resource is certainly another possibility, but the flexibility in terms of frequency ICIC for ePDCCH will be compromised. Hope this clarifies. 

Interdigital:
Regarding eCSS on ePDCCH, we also believe that introducing eCSS is beneficial to enjoy frequency domain ICIC and/or increasing cell splitting gain in scenario 4 as similar with UE-specific search space distributed transmission. Since eCSS resource could be defined with a subset of PRB-pairs in a subframe and the subset of PRB-pairs could be distributed , neighbor cell interference could be coordinated easily while frequency diversity gain could be still achievable. In addition, we don’t think the ePDCCH is configured by legacy PDCCH as commented by TI especially for eCSS since it can be configured by higher layer and/or implicitly defined in order to avoid dependency between legacy PDCCH and ePDCCH which can avoid coverage imbalance issue as well. On the other hand, to some extent we agree with Alex for the tight Rel-11 time schedule and sub-optimal design issues. In summary, we prefer to design eCSS and eUSS together in Rel-11 if time allowed.

On the ePHICH issue, we also think the main benefit to design ePHICH is capacity improvement for CoMP scenario 4 and future proof of low cost MTC devices. Also, coverage enhancement from frequency domain ICIC and new carrier type support can be considered as other benefits. Considering these benefits, we support ePHICH in Rel-11 as well if time allowed.
Interdigital2:

In response to TI2:

I agree the flexibility limitation for implicitly defining ePDCCH resources but what I tried to point out is the dependency between legacy PDCCH and ePDCCH as they easily have different coverage. Therefore, it should be also discussed whether eCSS needs to be configured from PDCCH or independently defined from PDCCH as there are couple of drawbacks for the legacy PDCCH dependent eCSS configuration.

As similar with other companies, we don’t see any strong motivation for ePCFICH as unused ePDCCH resource can be reused for PDSCH scheduling somehow.

