3GPP TSG RAN WG1 Meeting #61bis

  

   











R1-104178
Dresden, Germany, 28th June - 2nd July 2010




Agenda Item:
6.3.3.2
Source: 
Huawei
Title:
Summary of email discussion on way forward for Rel-10 MU-MIMO
Document for:
Discussion
1 Introduction

In RAN1 59bis meeting, the conclusions about the MU-MIMO dimensioning in Rel-10 are:
For the design of downlink signalling and DM RS, the following is assumed for MU-MIMO:

· Not more than 4 UEs are co-scheduled 

· Note that the actual maximum number of co-scheduled UEs does not need to be specified.

· Not more than 2 layers per UE with 2 orthogonal DM RS ports

· Not more than 4-layer transmission in total for MU-MIMO transmission 

Note: Two alternatives are to be studied:

· 4 orthogonal DM RS ports and 1 scrambling sequence are defined

· 2 orthogonal DM RS ports and 2 scrambling sequences are defined as in Rel-9

· FFS whether one or both alternatives will be specified (and if only one, which one?).

· Note that in any case Transmission Mode 8 will remain specified in Rel-10.
And in RAN1 61 meeting, two way forwards R1-103343 and R1-103334 about Rel-10 MU-MIMO were proposed. Due to diverging options between these two way forwards, corresponding email discussion threads were initiated after the RAN1 61 meeting. 12 companies participated in the email discussions, including:
Nokia, Nokia Siemens Networks, CATT, Huawei, Samsung, Pantech, RIM, TI, Motorola, Ericsson, ST-Ericsson，ZTE
This contribution summarizes the views from interested companies, and based on the discussion the following is proposed:
· Alternative 1 (4 orthogonal DM RS ports and 1 scrambling sequence ) should further assume 12 RE (OCC length 4) 
· Alternative 1 and 2 are to be evaluated under agreed simulation assumptions, including scenarios, DMRS overhead, receiver assumption etc.
· The details of the simulation assumptions are FFS.
2 Discussions
Note: In the following ‘alternative’ and ‘scheme’ are used interchangeably. 

Question 1: How much performance benefit from scheme 1 over scheme 2 considering realistic simulation assumptions like codebook based feedback, low CSI-RS density, coarse precoding granularity and MRC/IRC receiver?
	[Nokia, NSN]
	Under practical user diversity, achievable user geometry in real terminals, quantized CSI feedback, non-ideal CQI and more realistic – non-full buffer – traffic patterns, two co-scheduled UEs and overall two layers in MU-MIMO seem to be much more typical and reasonable situation for real-world MU-MIMO. Four orthogonal DM-RS likely incurs extra overhead and drop in DL spectral efficiency which may likely not be compensated by MU-MIMO gains even assuming interference cancellation receivers. Given that situation, there is no use case for Scheme 1 and hence no benefit over Scheme 2 to be expected in practice. 

	[CATT]
	We hold the similar view as Nokia and NSN, MU-MIMO gain is basically coming to from the correlated domain of the channel, which is also the inspiration of the codebook design. So we don't expect the gain with scheme 1 in realistic scenario.

	[Huawei]
	With realistic considerations such as quantized CSI feedback, low CSI-RS density, coarse precoding granularity and cross polarized antenna array, there is large inter-user interference among the paired users when the number of total layers is larger than 2 in rel-10 MU-MIMO. According to our simulation, with the same overhead as rel-9 with 12 REs for DMRS, scheme 1 could achieve about 10% performance gain over scheme 2 if we assume an IRC receiver. When the overhead increases to 24 REs, scheme 1 has a comparable performance or even a performance loss compared with scheme 2 with an IRC receiver. But with an MRC receiver, scheme 1 with 24 REs overhead leads to a performance loss compared with scheme 2. So according to our analysis, we propose that 4 orthogonal DMRS ports should be supported under the assumption of 12 REs for DMRS.

	[Samsung]
	Basically the performance comparison boils down to whether better channel estimation (scheme1) or lower overhead (scheme2) is more advantageous for MU-MIMO. Up to now we have not seen any evidence that shows one scheme is significantly better than the other. Based on the simulation results we have observed, we do not think there is significant performance difference between the two schemes.

	[Pantech]
	With realistic considerations, Scheme 1 can improve the performance in two ways. One is better channel estimation, the other is by IRC. So the performance benefit is considerable.

	[RIM]
	We feel that even though overall 2-layer transmssion could be the typical transmission in the early deployment, overall 4-layer transmssion would still be used in later deployment, especially for those UE cat which could support 4 receive antennas. So it is premature to preclude scheme 1 if we consdier that the prioirty of Rel-10 is for performance enhancement especially for MU-MIMO. It seems that the performance difference between scheme 1 and scheme 2 are mainly due to RS density, namely 24 RE vs 12 RE, therefore, to ease this issue, 4 orthogonal DM RS port with OCC length of 4 as suggested by Huawei could be considered.  

	[TI]
	Agree with Nokia/NSN.  In our view having more than 2 UE multiplexed is not a common scenario given the realistic geometry distribution and increased residual inter-user interference. So far we have not seen any convincing performance gain of scheme 1, and we share the view that two co-scheduled UEs is a more typical and reasonable case.

	[MOT]
	We see benefits with 4 orthogonal DM-RS ports (scheme 1) due to improved channel and MU interference suppression when the same overhead of 12 DM-RS REs/RB as scheme 1 is used. The 4 orthogonal DM-RS ports are supported by CDM DM-RS pattern on CDM group 1 with length-4 OCC. We propose length-4 OCC based on length-4 DFT basis (effectively two additional complex OCC codes in addition to the two Rel-9 codes) as they provide the same 3dB average suppression on the interfering channel as with scheme 2 different scrambling sequences for Rel-9 UEs (length-2 de-spreading) for MU of Rel-9 and 1Rel-10 UEs with total of >2-layer transmission.

	[Ericsson, ST-Ericsson]
	Ericsson/ST-Ericsson basically shares similar views as Nokia and CATT on the questions given below and thus prefer to keep existing scheme 2 which seems to be perfectly sufficient for the relevant use cases of MU-MIMO. 

	[ZTE]
	High order MU-MIMO (total layers>2) gain can be mostly seen on high SNR region vs SU-MIMO.  In high SNR region, it's intereference limited.  So non-ideal MU spatial separation due to  feedback errors will introduce more significant impact to the performance. It's shown in various contributions (e.g. R1-103592, R1-103574, R1-103803) that scheme1 performs better comparing with scheme2 in medium to high SNR region especially in the case of 4Rx when interference suppresion can be done more effectively.  This gain can be seen even in correlated channel with codebook based feedback even after considering the extra DMRS overhead.  Some may doubt on the use cases of MU-MIMO with 4Rx in practice but we are designing for the future.  More 4Rx UEs (e.g. laptop, LTE-A based Wifi router) are expected in the future.


According to the replies from interested companies:
There is a performance benefit from scheme 1 with 12 RE (OCC length 4) over scheme 2 considering realistic simulation assumptions
Huawei, Pantech, RIM, Mot
There is a performance benefit from scheme 1 with 24 RE (OCC length 4) over scheme 2 considering realistic simulation assumptions
ZTE
There is no performance benefits from scheme 1 with 24 RE (OCC length 2) over scheme 2 considering realistic simulation assumptions:

Nokia, NSN, CATT, TI, Samsung, Huawei, Ericsson, ST-Ericsson
Question 2: If scheme 2 adopted, with realistic simulation assumption, how much performance improvement when the number of layers of MU-MIMO going from 2 to 4?
	[Nokia, NSN]
	As explained under 1. we don’t believe that having more than two co-scheduled UEs and overall more than two layers in MU-MIMO is a typical situation for real-world MU-MIMO. There is no performance improvement to be expected here either in practical scenarios.

	[CATT]
	Same as question 1.

	[Huawei]
	Under realistic simulation assumptions and considering that scheme 2 is only optimized for up to 2 layers transmission in MU-MIMO for Rel-9, we cannot observe any performance gain when the total number of layers of MU-MIMO goes from 2 to 4, due to non-orthogonal DMRS ports and the resulting inter-user interference. So if more than 2 layers MU-MIMO is supported in Rel-10, an improved design of DMRS ports should be introduced.

	[Samsung]
	Again we do not think there is significant performance difference between scheme 1 and scheme 2.

	[Pantech]
	When the number of layers of MU-MIMO is going from 2 to 4, the interference increase a lot, so scheme 2 is not a good choice. 

	[RIM]
	Some performance loss could be expected when using scheme 2 to support 4 layer transmission in MU-MIMO if the spatial separation of the users are not large.  

	[TI]
	Agree with Nokia / NSN.

	[MOT]
	The focus in Rel-9 (scheme 2) was to enable dual layer beamforming and efficient MU up-to total of 2 layers with support of MU for up-to 4 layers with quasi-orthogonal DM-RS. With quasi-orthogonal DM-RS for 4-layers MU, no performance benefit is expected for scheme 2.  

	[Ericsson, ST-Ericsson]
	Ericsson/ST-Ericsson basically shares similar views as Nokia and CATT on the questions given below and thus prefer to keep existing scheme 2 which seems to be perfectly sufficient for the relevant use cases of MU-MIMO. 

	[ZTE]
	Since we are talking about how to support high order MU, we should identify the use cases and compare the two schemes in those use cases.  If overall more than two layers in MU are not the typical situation in real world, then we shouldn't consider scheme 2 as well.  In our view, the application of high order MU can be done in medium to high SNR region especially in correlated channel with 4Rx.  In such scenario with scheme 2, there is not much performance difference going from 2layers to 4layers.    Also, it seems that  no one has shown how much it would help with having 2 scrambling sequences (i.e. quasi-orthogonal vs non-orthogonal).


According to the replies from interested companies:
If scheme 2 is adopted, there is no performance benefit when the number of layers of MU-MIMO goes from 2 to 4:

Nokia, NSN, Huawei, Pantech, RIM, TI, Mot, Ericsson, ST-Ericsson, ZTE
Question 3: How much specification impacts from scheme 1 and scheme 2?
	[Nokia, NSN]
	The specification impact is as follows: 
Scheme 1: New PDCCH signaling is required for dynamic DM-RS port indication. Potentially new DM-RS pattern needs to be specified. DMRS-to-PDSCH power offsets may need to be specified accordingly and additional rate-matching/de-matching is needed depending on the DM-RS pattern: these aspects lead to increased implementation complexity for 2-layer capable UEs as these operations are normally only mandated for  4-layer SU-MIMO capable UEs.
Scheme 2: No additional specification impact compared to Rel-9, which is a major benefit given the current tight timeline for Rel-10 completion. A total of four spatial layers can already be supported in Rel-9 and it has been earlier shown that RS orthogonality is not the main limiting factor which would prevent harvesting the benefits of MU-MIMO in spatially correlated scenarios.
Moreover, we would like to emphasize here that Scheme 2 is not a new scheme but the Rel-9 solution and hence we are not selecting between two schemes but deciding whether the current solution needs to be enhanced in Rel-10 or not. Proponents of Scheme 1 should show convincing performance benefits in relevant scenarios as it is usual procedure before introducing any new feature. Otherwise, there is no strong motivation for departing from the Rel-9 baseline

	[CATT]
	We pretty much share Nokia, NSN views.

	[Huawei]
	Because it seems a new transmission mode and the corresponding control signaling format need to be designed for Rel-10 MIMO, the additional specification effort for supporting scheme 1 is marginal compared with that of scheme 2 from the control signaling point of view.

	[Samsung]
	Overall, we would have to optimize the PDCCH signaling to dynamically indicate DM-RS port allocation for both schemes. We believe there should be some changes on how DM-RS port indication is performed compared to Rel 9 since the new DCI format should support MU-MIMO plus SU-MIMO up to rank 8 and their dynamic switching. Therefore, both schemes would require additional standardization effort. Having said that, we believe that in terms of signaling overhead, scheme 2 is more advantageous since it does not require eNB to indicate:
-          Whether DM-RS is density 12RE/RB or 24RE/RB
-          Whether SF2 or SF4 is used

	[Pantech]
	Scheme 1 need new transmission mode. 

	[RIM]
	For Rel-10, there will be a new transmssion mode for MIMO, which could include both SU-MIMO and MU-MIMO. Therefore, a new DCI format would be needed. In that respect, the effort to design a DCI format to support scheme 1 and scheme 2 should be similar. On the other side, as Rel-10 should prioritize the performance enhancement rather than simplification of the design, a bit more effort in specifiction should be worthy in the long run.

	[TI]
	We share the views from Nokia/NSN. 

	[MOT]
	Both schemes require requires indication of the assigned number of layers and the antenna ports in the PDCCH DCI format for a Rel-10 UE supporting up to 8 layers (SU/MU) and thus, additional standardization effort. As in Rel-9, the MU-MIMO signalling can be transparent with no indication of whether the UE is in MU with another UE and a single DCI format can support dynamic switching between SU and MU operation. MU-MIMO using scheme 1 - 4 orthogonal DM RS ports and 1 scrambling sequence (SC_id=0) on CDM group 1 with length-4 OCC requires  control signalling support for:
i)
Rank-1 transmission on either of the antenna ports 7, 8, 11, 13,  
ii)
Rank-2 transmission on either antenna ports pairs {7, 8} and {11, 13}
Using a single CDM group for MU-MIMO, the DM-RS power offset is same as that in the SU-case of 0dB.

	[Ericsson, ST-Ericsson]
	Ericsson/ST-Ericsson basically shares similar views as Nokia and CATT on the questions given below and thus prefer to keep existing scheme 2 which seems to be perfectly sufficient for the relevant use cases of MU-MIMO. 

	[ZTE]
	We agree that the specification impact is a little bit more for scheme 1.  Supporting 4-layer tranmission with orthogonal DMRS can be optional to the 2Rx UEs.  If the extra complexity for 2Rx UEs is too much, we can limit it to 4Rx UEs and then extra specification impact is mininal as we can re-use the same SU rank4 DMRS pattern.  PDCCH signalling anyway needs to be re-designed to support DMRS based transmission with higher ranks.  In R1-103593, it can be shown that additional signalling is only 1 bit to support both schemes.


According to the replies from interested companies:

A clear conclusion can not be drawn about how much additional specification impacts of scheme 1 over scheme 2 considering a new transmission mode for Rel-10 MIMO and corresponding control signaling format need anyway to be designed in Rel-10.
Question 4: If scheme 1 is going to be supported, which DMRS pattern is proper to be assumed by the target UE?
	[Nokia, NSN]
	Overall, we don’t see a need for Scheme 1 and hence no need to discuss further the associated DM-RS pattern.

	[CATT]
	

	[Huawei]
	DMRS patterns with 12 REs overhead should be assumed by the target UE.

	[Samsung]
	We share Nokia’s view for this question.

	[Pantech]
	we agree with Huawei’s opinion that DMRS patterns with 12 REs overhead is proper.

	[RIM]
	We feel that 4 orthogonal DM RS ports with OCC=4 could be considered if scheme 1 is going to be supported.

	[TI]
	

	[MOT]
	CDM DM-RS pattern (12 REs / RB, same set of DM-RS REs as Rel-9, scheme 2) on CDM group 1 with length-4 DFT-basis OCC. 

	[Ericsson, ST-Ericsson]
	Ericsson/ST-Ericsson basically shares similar views as Nokia and CATT on the questions given below and thus prefer to keep existing scheme 2 which seems to be perfectly sufficient for the relevant use cases of MU-MIMO. 

	[ZTE]
	The same SU rank4 DMRS pattern with OCC=2 is preferable to minimize the standarization impact and UE complexity


According to the replies from interested companies:
Using DMRS patterns with 12 REs overhead to support 4 orthogonal DMRS ports based MU-MIMO:

Huawei, Pantech, RIM, Mot

Using DMRS patterns with 24 REs overhead to support 4 orthogonal DMRS ports based MU-MIMO:

ZTE
No preferred pattern if 4 orthogonal DMRS ports based MU-MIMO supported
Nokia, NSN, CATT, Samsung, TI, Ericsson, ST-Ericsson
Question 5: Others?
	[Nokia, NSN]
	We would like to raise here a crucial point on UE complexity becoming significantly higher with a total of four orthogonal DM-RS ports for DL MU-MIMO, especially for 2-layer capable UEs. Gains of spatial interference rejection with a 4-layer transmission are known to be significant only for 4-Rx UEs and uncorrelated scenarios while MU-MIMO in Rel-10 is generally understood to be optimized for the spatially correlated case and assuming 2 Rx UEs as baseline. Therefore, we don’t see any reason to deviate from the Rel-9 baseline for MU-MIMO dimensioning and signaling.

	[CATT]
	2 Rx at the UE is the typical case so increasing complexity of such UEs doesn't seem to be wise.

	[Huawei]
	We have found gain by pairing 4 UEs with 2 Rx each, using scheme 1 with 12 REs.

	[Samsung]
	We believe that UE complexity should be considered as the most critical decision criteria for this issue. For an LTE-A UE, it requires support of scheme 2 as baseline since TM8 will stay specified for LTE-A in any case. If scheme 1 is adopted, it would mean UE receiver has to have 2 implementations to support the same feature (Rel 9 MU-MIMO and Rel 10 MU-MIMO). Given the fact that there is no evidence of significant performance improvement when using scheme1, we think this additional complexity is unjustified. For this reason, we prefer scheme 2.

	[Pantech]
	Even for 2Rx UE, scheme 1 can also make the DMRS pattern orthogonal among them which is better for channel estimation.

	[RIM]
	Even though UE with 2 Rx needs to be considered, we should not preclude the consideration of UE with 4 Rx, which could benefit from the 4 orthgonal DM RS ports more. The support of scheme 2 in Rel-9 is optional for FDD, which means Rel-10 UE for FDD   may not need to support this if it is not adopted in Rel-10. On the other side, the channel estimation may not count too much compleixty at the UE, especially considering more other advanced functions at UE receivers.  Besides, the performance enhancement should be the priority for Rel-10 UE rather than the complexity, therefore, a bit complexity incrcease should be justified if it could bring more performance benefit.

	[TI]
	

	[MOT]
	With 4 orthogonal DM-RS ports, improved serving and interference channel estimates can be obtained by a 2Rx UE improving performance. Scheme 2 with different scrambling sequences depends on the MU interference suppression gain on of the beam-formed channel on different scrambling sequences limiting the effective SINR that can be achieved.

	[Ericsson, ST-Ericsson]
	Ericsson/ST-Ericsson basically shares similar views as Nokia and CATT on the questions given below and thus prefer to keep existing scheme 2 which seems to be perfectly sufficient for the relevant use cases of MU-MIMO. 

	[ZTE]
	We do see siginificant gain with 4 orthogonal DMRS especially for 4-Rx UEs in medium to high SNR region even with correlated scenarios when we have codebook based feedback.  Given the discussion above, we prefer to have both schemes supported in Rel-10 so that eNB can have the flexibility to choose which scheme is used based on channel scenarios and UE capability


According to the replies from interested companies:

It seems like there is no consensus about whether there is performance gain from 4 orthogonal DMRS ports based MU-MIMO and whether the gain justifies the accompany complexity for Rel-10 UEs. 
3 Rapporteur proposal
· Alternative 1 (4 orthogonal DM RS ports and 1 scrambling sequence ) should further assume 12 RE (OCC length 4) 
· Alternative 1 and 2 are to be evaluated under agreed simulation assumptions, including scenarios, DMRS overhead, receiver assumption etc.
· The details of the simulation assumptions are FFS.















