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1
Introduction

Email discussions took place between RAN1#56bis and RAN1#57 for Dual layer aspects. The discussions focused on the interested issues related to dual-layer beamforming. The following is a list of items that was covered by the discussions

1)      DRS overhead, can we confirm the 12 REs for 2 layers?

2)      If 1) is confirmed, Should Rank 1 and Rank 2 use the same pattern?

3)      What’s the relationship between lower rank (1 or 2 layer) and higher rank (3~8 layers), tight or loose?

a. Tight one: consider patterns of lower rank are the subset of those of higher rank

b. Loose one: completely rank independent, consider reuse the existed pattern of Rel-8 or new pattern for lower rank 

4)      Should we enable fast rank adaptation between rank 1 and rank2?

5)      New separate CSI-RS is to be introduced into LTE-A systems for CSI/PMI/RI… feedback, Rel-9 specification should consider both backward compatibility and forward compatibility, so I’d like to encourage all to give out your views on the basis for feedback(PMI/CQI/RI) in Rel-9, and further issues

a. Need for PMI and RI in FDD?

b. Need for PMI and RI in TDD?

6)      Views on UE calibration issues

7)      Views on introducing layer shifting?

8)      Views on the feasibility and complexity of expanding the WI scope to MU-MIMO?

2 
Discussion

2.1
DRS overhead, and patterns for Rank 1&2

The following table summrizes the expressed viewpoints on the DRS overhead, and the patterns for Rank 1&2. 

	Company
	Comment

	CATT
	12REs for 2 layers is most likely candidate. From backward compatibility to Rel-8 and forward compatibility to Rel-10, our preference is 12 REs for 2 layers. 
For Rank 1 using the current pattern in port 5 for transmission mode 7 is obvious. For Rank 2, DRS pattern could be FDM based or CDM based, beamforming is applicable in relatively high speed environment, in such environment FDM performs better than CDM so our view is that in Rank 2 the DRS structure is based on FDM. From backward compatibility point of view and complexity, rank 1 and rank 2 with same pattern is a better solution.

	Huawei
	We showed in R1-091259 that 12 REs overhead is sufficient for 2 layers based on evaluations with concrete patterns. There is no need to increase the overhead compared to R8. 

We clearly prefer that the same pattern is used for rank 1 and rank 2, especially since fast rank adaptation should be supported.

	Ericsson
	Our internal investigations for SU-MIMO show that an overhead of 12 RE overhead is sufficient. The investigations did however not consider interpolation between resource block in the frequency domain and were performed without considering power boosting. Also, we have not yet considered future applications such as MU-MIMO or CoMP.
We have agreed to have orthogonal RS patterns, and the question appears to refer to using the same REs for RS for both rank 1 and rank 2. We do currently not understand the benefits of imposing a constraint on using the same REs for both rank 1 and rank 2.

	ZTE
	According to the discussion about RS design in pervious meetings, we prefer to use 12REs overhead for 2 layers. 
The same DRS pattern for rank 1 and rank 2 should be used considering the backward compatibility and complexity. We prefer to reuse Rel-8 rank 1 DRS pattern.

	Qualcomm
	We also concluded that 12REs/PRB is sufficient, see results in R1-091448. 
Referring to R1-091448 where pilot patterns for rank 1,2 are studied and further considering forward compatibility w/ Rel-10 addressed in R1-091450 (where various patterns are studied to support rank 1-4), we concluded that a hybrid FDM/CDM pattern would make sense: pattern P4-4 for rank >2 which boils down to P2-6 in the case of rank 1,2, see R1-091450. To be noted that Nokia/NSN came up with the same UE-RS pattern, see Fig. 3 of R1-091352. 

The proposed design implies, indeed, that the same pattern can be used for rank 1, 2 with orthogonal (CDM) multiplexing of the two spatial streams.   

	Potevio
	According to our link level simulation results, we believe that 12 REs for 2 layers is sufficient.

From backward compatibility point of view and fast rank adaptation, rank 1 and rank 2 with same pattern is a better solution.

	Samsung
	While we think 12 RE overhead can be a baseline for further discussion, we will continue to  investigate the proper overhead for both  rank-1 and rank-2 case, especially considering the potential extension of the extended DL beamforming  to MU-MIMO case, etc.
In our understanding, there are two issues being discussed here.  
· For rank-1 and rank-2 transmissions, whether we have same set of RE as DMRS. This issue is tied to question #1 and we are fine with keep the same pattern for rank-1 and rank-2 transmissions as a baseline. 

· Given a rank-2 transmission, whether layer-1 and layer-2 share the same set of DM-RS RE (either CDM or direct superposition); or whether layer-1 and layer-2 can split the DM-RS RE resources (FDM).  On this issue, we think more study is needed, given the results in several contributions (for example, QCOM’s R1-091448) showed the performance degradation of CDM in channels with moderate mobility (30km/h). Similar observation is found in Nortel’s R1-091385.

	Motorola
	At low mobility, 12 DRS REs is good for 2 layers. As RS at both band edges of an RB are important for channel tracking in frequency domain, a DRS pattern (per layer) typically has 2 RS-containing symbols in a subframe.  At higher mobility (e.g. 60kmph and above), rank-2 SU-MIMO could benefit from some more RS symbols  for better channel interpolation/tracking in  the  time domain, especially for high MCS levels (e.g., 64QAM).  It is understood however, the increased overhead will decrease the overall throughput for the perhaps more common low-mobility cases. We expect rank-2 MIMO per UE can be very common in Rel 9 and Rel 10, especially with 8-Tx eNB and CoMP.  Thus, a careful tradeoff optimization for the DRS design for rank-1/2 is needed. 12 total DRS REs for rank-2 (6 REs / layer) certainly results in better throughput for the more common low-mobility scenarios. It can be used as a baseline.  
Does "same pattern" for rank 1 and 2 mean automatically CDM for rank-2? If so, we don't think CDM for rank-2 is a better design than FDM especially under medium/high mobility (CDM is more suitable for rank ~>4). We think it is important to optimize the rank-1&2 DRS design since they can be very common in Rel 9 and Rel 10 with 4/8-Tx eNB and CoMP. We should strive to minimize the number of RS configurations and design DRS patterns that can enable reuse of the channel estimator for possibly all rank values (Rel-9 and Rel-10) and acceptable UE complexity. The DRS pattern for rank-1&2 in Rel 9 and Rel 10 should be the same.

	Nokia&NSN
	From our study shown in R1-091352, 12 REs for 2-layer transmission offers good tradeoff between performance and overhead. Moreover this is already decided as working assumption for LTE-A, hence adopting the same WA is desired to fulfill the WI objective
This is somewhat depending on the outcome of point (1) and (4). We tend to agree that using the same pattern is preferred if fast rank adaptation is applied.

	Texas-Instruments
	12 is sufficient, same pattern for rank 1&2.


From all the discussions, we can summarize the perspectives from all interested companies:

All company shares their respective viewpoint on the overhead and pattern for Rank 1&2 either by sharing their simulation concrete results or by presenting their internal analysis, which demonstrate that at least in SU-MIMO mode, 12 REs is a good tradeoff between performance and overhead for optimizing both Rank 1 and Rank 2, and tend to agree to use the same pattern for Rank 1&2 (same RE set for Rank 1 and Rank 2), which however is questioned by one company. At the same time, two companies think that the overhead should be further investigated for MU-MIMO mode. 

As to the DMRS multiplexing method for layer 1 and layer 2, i.e.,

CDM – layer 1 and layer 2 share the same set of DM-RS RE, or 

FDM/TDM – layer 1 and layer 2 split the DM-RS RE resources, 

Though some companies consider more on the backward compatibility to reuse Rel 8 pattern, and others consider more on the forward compatibility to make common in Rel 9 and Rel 10, it seems that all interested companies agree that FDM/TDM method is a little better than CDM method considering the time-varying channel.

Proposal: Agree on the DMRS overhead as 12 REs and same pattern for Rank 1 and Rank 2. 
Further questions: it seems that different patterns show similar performance, what criteria should we take into account to choose the concrete pattern with 12 DMRS REs? 

2.2
Relationship between lower rank (1 or 2 layer) patterns and higher rank patterns (3~8 layers)

The following table summrizes the expressed views in relationship between the RS pattern of dual-layer BF and the RS pattern of HO-MIMO/CoMP 

	Company
	Comment

	CATT
	This WID is for 2 layers beamforming, so our view is that the design shall focus on layer 1 and layer 2, for layers 3-8 the discussion shall be under LTE-A SI. Rank 1 and rank 2 DRS pattern design shall consider Rel-8 backward compatibility and shorter time to market in Rel-9, we propose to reuse Rel-8 DRS pattern. 

	Huawei
	The two layer case has to be solved in R9 as soon as possible. We prefer the re-use of R8 pattern for up to 2 layers, since this pattern is already available and provides good performance for 2 layers.

New proposals with improved forward compatibility should show better performance than the R8 pattern in the 2 layer case if they shall be considered.

When looking at the forward compatibility with up to 8 layers, it is clear that this cannot be solved in R9 since most likely a pattern with more than 12REs overhead will be needed for that.

Improved forward compatibility of the 12 RE pattern with up to e.g. 4 layers may be achievable, but would need an evaluation of concrete proposals. 

We are fine to study such proposals, keeping in mind our preference above.

	Ericsson
	Our preference is to make RS for 1 and 2 layers in release 9 a subset of the RSs for rank 1-8 in release 10.  We want to as much as possible keep a single track and avoid having two dissimilar dual layer functionalities in release 9 and release 10 respectively.  

Furthermore, when it comes to forward compatibility, we think that some care for the RS design is needed when it comes to CoMP/MU-MIMO so that release 9 SU-MIMO UEs can be co-scheduled with release 10 UEs.

	ZTE
	We think the DRS design for rank 1 and rank 2 transmission should be focused firstly in Rel-9 discussion. The detailed relationship between lower rank RS and higher rank RS may be considered in LTE-A. However, currently our preference is keep the same lower rank (1 and 2 layer) pattern in Rel-9 and Rel-10.

	Qualcomm
	Agree with Ericsson on the stated design principle. In R1-091450, we addressed a forward compatible design that makes Rel-9 patterns a subset of Rel-10 patterns which support up to rank 4. We believe that sticking with the same principle for rank >4 would be a good idea as long as we can meet the peak spectral efficiency requirement.

To the point of re-using Rel-8 DRS patterns … we don’t think that such a constraint makes sense as performance benefits of other patterns have been demonstrated (see e.g. R1-091448 & R1-091450).      

	Potevio
	For this WI schedule is tight and backward compatibility should be satisfied, we prefer to reuse the existed pattern of Rel-8 or new pattern for lower rank

	Samsung
	If this can be achieved without jeopardizing the timeline of Rel-9 WI, we also like to see a well thought-after design that take into account the issue of forward compatibility.

On the other hand, keeping in mind backward compatibility as several companies mentioned, we also agree it is desirable to keep Rel-8 rank-1 DRS as a starting point of DRS design for Rel-9. In fact, we don’t’ see these two goals of “backward compatibility” and “forward compatibility” as  mutually exclusive – we can start with Rel-9  pattern that is backward compatible, and we can then adapt our Rel-10 design in the future to be compatible with Rel-9 design, if so desired by the group.

	Motorola
	We should strive for the same DRS pattern for Rel9 and Rel10 for the same rank (i.e., rank-1 and 2 DRS pattern defined in Rel9 and Rel 10 should be the same). As to rank >2 (e.g, 4 and 8)  in Rel-10, it is desirable for the effective (after CDM despreading, as needed) DRS pattern for layer-1 & 2 be same as in rank-2 case to reduce UE complexity enabling re-use of the channel estimator. We should minimize the number of RS configurations and DRS patterns and the need for supporting multiple different channel estimators for acceptable UE complexity.

	Nokia&NSN
	Given the WI objective -> "The design of the UE specific demodulation reference signals and the mapping of physical data channel to resource elements should aim for forward compatibility with LTE-A Demodulation RS", we see no other choice than to consider the DRS pattern for lower rank and higher ranks jointly. 

	Texas-Instruments
	Agree that minimizing the total number of configurations should be our goal. So we agree with Ericsson and some other companies with similar view

	Panasonic
	Inconsistent design of DRS pattern between lower and higher rank may require higher complexity in Rel-10, e.g., different DRS interpolation for high and low rank. To reduce complexity, tight relationship can be targeted.


It seems have 3 different considerations out from above discussion. Considering the timeline of Rel 9 and backward compatibility more, some companies propose reuse the existed Rel 8 pattern in Rel 9. To avoid the dissimilarity in lower ranks between Rel 9 and Rel 10, some other companies hope to jointly consider Rel 9 and Rel 10 without impacting the schedule of this WI. The others seems to hope to consider a little more forward compatibility with a bit looser constraints by addressing a forward compatible design that makes Rel-9 patterns a subset of Rel-10 patterns which support up to rank 4.
Proposal: Consider the forward compatible design that makes Rel 9 patterns a subset of Rel 10 patterns which support up to rank 4, on the condition that the new pattern presents better performance than or at least equivalent performance to the existing Rel 8 pattern. 
2.3
Fast/dynamic rank adaptation between rank 1 & 2

The following table summrizes the expressed views on “fast/dynamic rank adaptation” in this WI.

	Company
	Comment

	CATT
	Rank adaptation in dual layer beamforming shall be supported which improves system flexibility and thus increases the performance gain; in case of specific mechanism we prefer same as in Rel-8. 

	Huawei
	Yes. This is an essential property of spatial multiplexing in R8 and should also be possible with dual layer beamforming

	Ericsson
	We think it is important to have L1/L2 control signalling to enable time synchronized rank switching.  Hence, we think it is desirable to support fast rank adaptation.

	ZTE
	Fast rank adaptation is an important property and should be supported for dual layer beamforming 

	Qualcomm
	We also believe that fast rank adaptation should be enabled

	Potevio
	We prefer to support fast rank adaptation.

	Samsung
	Without fast rank adaptation, there may not be much benefit of dual-layer beamforming, compared to Rel-8 beamforming. So yes we also think it has to be supported

	Motorola
	 Yes, rank-1 and rank-2 can be dynamically instructed by eNB on a  subframe by subframe basis, if control signaling (DCI format) is designed to do so  (currenlty possible in Rel-8 DCI format 2/2A) , and if UE feedback (e.g., CQI) is not an issue with rank1/2 dynamic switching

	Nokia&NSN
	Fast rank adaptation can be supported provided that the impact on the DL control signaling is minimized. The robustness of fast rank adaptation in beamforming transmission should be carefully studied and taken into account in the system design. 

	Texas-Instruments
	Fast (dynamic) rank adaptation is critical to reap the benefit of the 2-layer transmission. Semi-static rank adaptation is not sufficiently fast to track the channel rank condition which may cause performance degradation when 2-layer transmission is configured.

	Panasonic
	We agree that fast rank adaption should be supported.


It seems that all involved companies agree that fast/dynamic rank adaptation is a critical feature for this WI and it is desirable to support, while the realization mechanism or control signalling issues are raised.

Proposal: Fast/dynamic rank adaptation should be supported in this WI, aiming at reusing existed mechanism in Rel 8. 
2.4
UE feedback in support of Dual-layer BF
The following table summrizes the expressed views on the UE feedback in this WI

	Company
	Comment

	CATT
	In FDD, since there is no channel reciprocity thus the full channel information at eNB is not possible to obtain thus the advantage of beamforming is not easy to capture in FDD, so additional feedback is not precluded. 

In TDD, channel reciprocity allows eNB to obtain full channel information at eNB based on SRS, so the optimal beamforming can be implemented. Thus we don’t see the need for PMI and RI feedback in TDD 

	Huawei
	There is no need to introduce CSI-RS in R9. The necessary feedback for TDD and FDD can be based on R8 CRS.

For TDD, there is no need for PMI.

	Ericsson
	PMI/RI appears to be needed for FDD since it is more difficult to exploit channel reciprocity for certain antenna configurations. 
We are currently concerned whether we can get enough and accurate channel state information from SRS transmissions in practical deployments. We do therefore not think that the need for PMI/RI can be precluded for TDD at the current stage.
A related question is how are SRS transmissions configured to accomplished suffciently accurate channel state information?

	ZTE
	It is difficult to exploit channel reciprocity in FDD, PMI/RI based feedback should be considered. 
There is no need to feedback PMI/RI in TDD when the channel reciprocity can be exploited. 

	Qualcomm
	Agree with Ericsson. We believe that CSI-RS (w/ PMI/RI feedback) will be needed to enable closed-loop operation in FDD but is also beneficial in TDD especially in ’asymmetric’ UE antenna configurations (#RX chains > #TX chains). We believe that a very limited overhead of CSI-RS (0.12% per TX antenna) can be justified in FDD as well as TDD. 

	Potevio
	PMI/RI based feedback should be considered in FDD. For channel reciprocity can be used in TDD, PMI and RI feedback is unnecessary

	Samsung
	We agree with Ericsson that we need to be open about the possibility of PMI/RI feedback in both FDD and TDD, as the availability of SRS based beamforming and link adaptation is dependent on the assumption of accurate UE and eNB calibration, which is not clear at the moment.  On the other hand, we are not sure if CSI-RS should be introduced in Rel-9 as in our understanding, the goal of Rel-9 is a simple extension of the Rel-8 beamforming, and not a full blown solution for DRS based SM.

	Motorola
	For TDD, dual-stream beamforming can be performed based on sounding, even based  on single antenna UL sounding. PMI feedback is technically not absolutely needed.  But PMI /RI feedback could benefit certain eNB operations.

	Nokia&NSN
	Given the tight schedule this Rel 9 WI, maximum reuse of Release 8 MIMO components should be the starting point of the design. Hence, dual-layer beamforming in Rel9 should build on Rel 8 CRS for feedback  and CSI-RS are not needed 
Rel 8 type of combined PMI and RI reporting should be supported. We see no need to distinguish between FDD and TDD when it comes to feedback, as channel reciprocity is not universal even for TDD. 

	Texas-instruments
	We agree with the above companies that PMI/RI feedback is beneficial for FDD and even for TDD. Regarding the PMI feedback, would this be a simple extension of what we currently have for 1-layer beamforming (PMI feedback based on the 2Tx codebook)?

	Panasonic
	PMI feedback is needed for FDD.

Whether PMI feedback is needed for TDD would depend on the answers to the

following questions:

1) If SRS based feedback can provide enough accuracy

2) If no PMI feedback is sufficient in interference-limited environments

3) Since SRS feedback can not reflect different receiver processing  algorithm (MLD, MMSE, etc), if the corresponding performance loss would be acceptable.
Therefore, a further investigation on PMI feedback in TDD would be needed.


Based on the feedback, 6 of the above companies think that PMI feedback is not absolutely needed in TDD due to its channel reciprocity, related to which, two companies express concern about the SRS reliability. Considering the difficulty to exploit channel reciprocity in FDD and potential gain of PMI feedback in TDD, 6 companies tend to introduce PMI feedback for both FDD and TDD or at least not preclude the possibility for TDD.  As to CSI-RS, some company present the merits of introducing this feature, but most companies tend to reuse Rel 8 CRS and existed MIMO component keep the Rel 9 timeline. 

Proposal: Take no PMI feedback for TDD and PMI feedback for FDD as baseline, further investigate the gain and scenarios of introducing PMI feedback for TDD. 

2.5
UE calibration in Dual-layer BF

The following table summrizes the expressed views on the necessity of UE calibration in dual-layer BF.
	Company
	Comment

	CATT
	The SRS transmission in uplink is based on antenna switching at UE, that means there is only on RF path in transmission side. So there is no issue on calibration of antenna at transmission side, Rx paths calibration at UE may not be critical to performance, which requires further investigation from performance degradation point of view. 

	Huawei
	UE calibration is beneficial to fully exploit the channel reciprocity in TDD. Different calibration methods should be considered to define the assumptions in RAN1

	Ericsson
	We are considering this and think that a solution that does not require UE calibration should be targeted.  One reason for this is that UE calibration appears to be relatively immature.

	ZTE
	We do not think the UE calibration need to be defined

	Qualcomm
	We would like to better understand the value of UE calibration (in terms of performance gains) before making a recommendation

	Potevio
	In order to fully exploit the channel reciprocity in TDD, UE calibration should be considered

	Samsung
	We agree with Ericsson and QCOM that the calibration issue needs to be carefully evaluated in both complexity, reliability and cost

	Motorola
	It will be a significant burden for UE calibration, especially for all the different bands to be supported at UE and the temperature stability issue (as opposed to eNB calibration for a single band and less variable operation temperature). We should avoid mandating UE calibration and understand the performance differences  with and w/o calibration. 

	Nokia&NSN
	UE calibration is not needed since DL beamforming performance is not sensitive to UE TX- and RX-chain mismatch

	Texas-instruments
	Same view as Qualcomm. We need to understand this better

	Panasonic
	Preference is to avoid UE calibration as it increases the cost if it requires the adjustment for each terminal. In addition, in the condition of channel reciprocity is not valid, UE calibration does not help.


Some companies emphasize the importance of UE calibration for fully exploiting channel reciprocity in TDD. Some other companies directly rule out the necessity of UE calibration by the reason that the DL beamforming performance is insensitive to UE TX- and RX- chain mismatch. The other companies hope to further investigate the value and cost of UE calibration before making any recommendation.

Proposal:  Evaluate the performance (loss) due to the UE TX- and RX- mismatch, and carry out more discussion on the cost and method of different UE calibration method.
2.6
Layer-shifting in support of Dual-layer BF

The following table summarizes the expressed views on introducing layer-shifting in support of dual-layer BF.
	Company
	Comment

	CATT
	There was decision in last meeting for Rel-10 that up to 4 layers it should be same as in Rel-8, that means there is no layer shifting.

	Huawei
	R8 layer mapping should be the baseline. Introducing new features would need a strong motivation. We do not see a need to introduce this new feature for dual layer BF.

	Ericsson
	At the last meeting the codeword to layer mapping was decided and it was decided to align it with release 8 for up to four layers and it should be noted that layer shifting in the form of large delay CDD is supported in Release 8 (in the open-loop spatial multiplexing mode).  Hence, since layer shifting is supported already in release 8, since it supported for UL SU-MIMO, and since it reduces the loss of spatial bundling which is common in TDD we think it should be supported. 

Another reason is that we believe that layer shifting adds robustness to link adaptation which we believe is more challenging for non-codebook based techniques. 

	ZTE
	We do not see the reason and advantage to introduce layer shifting for dual layer BF at present, whether this feature will be introduced should depend on the performance

	Qualcomm
	Agree with Ericsson

	Potevio
	According to simulation results, we think layer shifting is unnecessary.

	Samsung
	We think further study is needed to decide on layer shifting.

	Motorola
	For Rel 9, we could use Rel8 as a baseline where precoding is without layer shifting (of course, open-loop CDD has layer shifting).

	Nokia&NSN
	We do not see that layer shifting provides any significant gain. Given that the layer shifting is not inline with the specified Rel'8 dual-codeword closed-loop operation, it should not be introduced in Release 9 either.

	Texas-instruments
	While layer shifting introduces layer diversity which could be beneficial for non-ideal link adaptation, its benefit may be somewhat unclear in the context of dual-layer beamforming and may require further study.  

	Panasonic
	For the UE feedback optimization perspective, to assume layer shifting would reduce the amount of the feedback information. In addition, introducing layer shifting may enable a more flexible DCI format design (e.g., MCS field) in Rel-9 and may lead to a better forward compatibility with Rel-10. Therefore, layer shifting can be considered.


There seems it have some different understanding of the scope of the decision in last meeting, i.e., “for Rel-10 that up to 4 layers it should be same as in Rel-8”. Three companies think that “open-loop spatial multiplexing mode” of course belong to Rel 8, correspondingly, the layer-shifting should be supported in Rel 10, and hence Rel 9. All the other companies raise their concerns of the actual gain of this feature, and most of them tend to have more studies before decision on layer shifting.

Proposal: Use Rel8 layer mapping as the baseline in this WI, further evaluate the gain of layer shift especially when spatial bundling is applied. 

2.7
Expansion of the WI to MU-MIMO

The following table summrizes the expressed views on expanding the WI to MU-MIMO.
	Company
	Comment

	CATT
	From the simulation results provided by companies in last meeting, dual layer beamforming based single cell MU-MIMO improves system performance significantly. Extension of WI scope to include MU-MIMO shall consider the following issues:

· Reference Signal

In single user dual-layer beamforming, dual ports DRS is required thus in dual-layer beamforming based single layer MU-MIMO discussion. With dual ports DRSs, two UEs can be supported simultaneously, each DRS supporting one layer per UE, without interference between two DRSs. The interference between two layers can be cancelled with MMSE SIC receiver at UE. 

· CQI Feedback

In MU-MIMO, an UE doesn’t have the channel information of the other UE (matched pair), so CQI feedback mechanism shall be similar to Rel-8 LTE i.e. UE only feeds back own CQI. For a pair of matched UEs, rank one for each UE, CQI feedback is same as in transmission mode 7 in Rel-8 LTE, however tuning at eNB is still necessary. In TDD system, with channel information obtained from SRS at eNB, the CQI for paired UEs can be calculated more precisely and thus select the suitable MCS. In FDD system, using long term statistical channel information (e.g. DOA) at eNB, CQI feedback from the UE can be revised to obtain CQI for paired UEs.

· Control signaling

In downlink PDCCH, the PMI indication is not needed in the DRS based MU-MIMO so the PMI information can be removed from DCI format. In terms of DCI format, a new format may be needed.

From the standardization perspective, since the SU-MIMO already covers most part of the work, increase in effort is negligible for dual layer single cell MU-MIMO.

	Huawei
	Once 2 layer DRS is introduced, MU-MIMO can be supported by a small amount of additional control information in DL (essentially tell the UE which layer to demodulate). 

We do not see a major showstopper to include MU-MIMO in R9 as well.

	Ericsson
	 

	ZTE
	Dual layer beamforming based single cell MU-MIMO should be supported in R9 due to its exhibited performance gain. From the standardization perspective, some considerations on SU-MIMO can be easily extended to MU-MIMO. There is only small possible difference such as DL control signaling need be considered specifically for MU-MIMO.

	Qualcomm
	We also believe that MU-MIMO should be supported in Rel-9. As pointed out by HW, MU-MIMO can be supported in a transparent fashion due to UE-RS as long as we can signal UE-RS resource (offset) corresponding to different UEs. Such signaling could be either dynamic or semi-static. The need for additional UE feedback (to account for MU-MIMO) should be studied too.
One aspect that would help MU-MIMO is ability to orthogonalized UE-RS of different UEs served on the same resources. UE-RS orthoogonalization of different MU-MIMO UEs is conceptually no different from orthogonalization of different layers for e.g. SU-MIMO, with a subtle difference that inter-layer orthogonalization can be implicit in SU-MIMO (implicit mapping of layers to UE-RS resources) while an explicit indication would be needed for MU-MIMO (a UE needs to know its “resource offset”). Such indication could be either dynamic (DL grant) or semi-static (upper layer signaling). Between the two options, this looks like a fairly simple enhancement. For the rest, I would agree with NNSN that MU-MIMO can be supported based on dual stream SU-MIMO design.

	Potevio
	From the standardization perspective, some considerations on SU-MIMO can be easily extended to MU-MIMO. There is only small possible difference such as DL control signaling need be considered specifically for MU-MIMO. We think MU-MIMO should be included in R9.

	Samsung
	We think the first priority should be to somewhat stabilize SU-MIMO discussion, before we discuss MU-MIMO, as instructed by RAN plenary decision. Also, the control design should be discussed only after we have a good understanding of whether or not DRS based MU-MIMO in Rel-9 brings about any additional performance or operational benefit.

	Motorola
	MU-MIMO should be investigated along with SU-MIMO. In either single/dual-stream beamforming, we can support MU-MIMO in a transparent way (i.e., UE has no knowledge of the presence of another UE and its DRS position/pattern). The intended UE relies solely on its DRS for demodulation . We should also look at non-transparent MU-MIMO. For example, after defining dual-stream DRS (FDM), we could have one stream target one UE, where both UE knows the other beamformed channel associated with the interfering stream, and thus enabling SIC processing for improved performance.  

	Nokia&NSN
	The timeline for Release 9 is probably too tight to allow specification of MU-MIMO in this the work item. However, this does not mean a delay in the introduction of beamforming MU-MIMO since, as shown in contributions R1-091434 and R1-091577, beamforming MU-MIMO can already be implemented in the networks based on LTE Release 8 without any additional standardization effort. Also, in line with normal 3GPP working procedures, any proposal for a Release 9 standardized MU-MIMO beamforming solution should be benchmarked against and show significant gains compared to the already available Release 8 schemes not requiring any standardization.

	Texas-instruments
	

	Panasonic
	There are multiple flavors of MU-MIMO. In the type of the small standardization impact, we still expect large performance gains. 

Therefore, we support the type of MU-MIMO with small standardization impact.


In this WI, MU-MIMO, in theory, can be supported by Transparent scheme (a.k.a SDMA) and non transparent scheme (a.k.a orthogonal DMRS based MU-MIMO), based on which, 2 companies justify the un-necessity of discussion of MU-MIMO in this WI by anyhow MU-MIMO can be supported, even in transmission mode 7 in Rel 8 by transparent method. One company think that the SU-MIMO should be firstly stabilized, and then MU-MIMO. 6 other companies think that non transparent MU-MIMO should be supported in this WI, which can be taken as fairly simple enhancement over transparent MU-MIMO i.e. with small standardization impact.
Proposal:  Since the WI is considering the forward compatibility to Rel 10, and the dual-layer BF can be looked as a special case of CoMP in Rel 10, especially non-transparent MU-MIMO should be supported in Rel 10, we should have more discussion or evaluation of orthogonal DMRS based MU-MIMO in this WI before next RAN plenary meeting. 
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