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1
Introduction
At RAN1#62bis, a way forward on extending Rel-8 PUSCH 3-1 feedback to contain MU-CQI information was presented [1].  Specifically it was proposed that a UE can be configured through higher layer signaling to report the following in addition to the current payload of PUSCH 3-1: 
· For RI > 1

· a wideband PMI calculated assuming restricted rank=1

· subband CQI targeting MU-MIMO operation

· For RI = 1

· subband CQI targeting MU-MIMO operation

The way forward also provided some assumptions on how the MU-CQI should be computed, stating that it should be computed assuming three orthogonal co-scheduled PMIs selected from the rank-1 4Tx codebook.  A table was provided to associate the rank-1 PMI of the desired layer with the assumed co-scheduled layers. 

In this contribution, we compare the above MU-CQI method with an alternative that assumes only a single co-scheduled PMI for MU-CQI calculation.  We also compare both approaches to Rel-8 PUSCH 3-1 operation in which no MU-CQI is fed back.  Lastly, we compare the performance to PUSCH 3-2 without MU-CQI feedback.  More details on PUSCH 3-2 feedback are provided in a companion paper [2].  
2 
Details of PUSCH Mode 3-1
In this section we discuss design details regarding the MU-CQI computation for Rel-10 PUSCH 3-1 and provide an overhead comparison between Rel-8 and Rel-10 PUSCH 3-1 as well as PUSCH 3-2 which is also considered as a candidate for Rel-10. 
2.1
Details of MU-CQI computation
The computation of an MU-MIMO specific CQI (MU-CQI) is more challenging compared to the regular CQI since the UE needs to compute it under some assumption of the co-scheduled layer or layers.  Clearly, this information is not available at the UE and computing multiple MU-CQI values under different co-scheduling hypotheses would lead to a large overhead that does not seem justifiable. 

At the last meeting several approaches were identified, for example, providing a table that maps the PMI reported by the UE to a set of co-scheduled layers which would be assumed for MU-CQI computation [1, 3].  An alternative proposal was described in [4] which assumes that a co-scheduled layer would be signaled by the eNodeB in a semi-static fashion.  

In this contribution we focus on the first approach in which the co-scheduled layers are implicitly derived by the UE from the reported rank-1 PMI through a table.  In constructing this table, it seems beneficial to assume that only PMIs orthogonal to the reported PMI would likely be chosen by the scheduler and therefore the co-scheduled layers are restricted to come from the set of PMIs orthogonal to the reported one.  An interesting discussion point that remained, however, was whether this table should assume a single, specific orthogonal PMI, somewhat arbitrarily picked but specified in a table, or whether more than a single PMI should be selected.  Specifically, the way forward to the last meeting assumed that the CQI computation should be based on three co-scheduled layers, all of which are orthogonal to the selected PMI. 
In this contribution we compare both approaches by system level evaluations.  Specifically, the two alternatives are listed in Table 1 in which Alt-1 corresponds to the case of a single co-scheduled PMI chosen as in [3] whereas Alt-2 corresponds to the case of three co-scheduled PMIs. 
Table 1: Co-scheduled PMI assumptions for MU-CQI computation
	SU-MIMO PMI
	Co-scheduled PMI assumption
	SU-MIMO PMI
	Co-scheduled PMI assumption

	
	Alt-1
	Alt-2
	
	Alt-1
	Alt-2

	0
	{2}
	{1,2,3}
	8
	{11}
	{9,10,11}

	1
	{3}
	{2,3,0}
	9
	{10}
	{10,11,8}

	2
	{0}
	{3,0,1}
	10
	{9}
	{11,8,9}

	3
	{1}
	{0,1,2}
	11
	{8}
	{8,9,10}

	4
	{6}
	{5,6,7}
	12
	{13}
	{13,14,15}

	5
	{7}
	{6,7,4}
	13
	{12}
	{14,15,12}

	6
	{4}
	{7,4,5}
	14
	{15}
	{15,12,13}

	7
	{5}
	{4,5,6}
	15
	{14}
	{12,13,14}


2.2
Payload comparison of the proposed schemes 

At this time several candidate PUSCH modes are considered for inclusion in Rel-10 and is not clear whether all or only a subset of these modes will be supported.  To facilitate the comparison between the modes, we list here the payloads that would have to be covered by the different modes, and provide a quantitative performance comparison between the alternatives in Section 3. 

Tables 2 and 3 list the payloads that are associated with Rel-8 PUSCH 3-1, with the considered Rel-10 enhancement of PUSCH 3-1 carrying MU-CQI, as well as with the considered PUSCH 3-2, that is being considered as yet another way of enhancing performance for Rel-10.  We assume here that PUSCH 3-2 would not carry any MU-MIMO specific information. 
An overhead comparison between the considered modes is provided in Table 2 for 4Tx and Table 3 for 8Tx.  For each scenario we consider the case of rank-1 and rank>1 separately.  It is assumed in the comparison that whenever MU-CQI is included, it is encoded separately of the SU-MIMO CQI which is currently included in PUSCH 3-1. It may be possible to somewhat reduce the overhead associated with the MU-CQI by encoding it differentially with respect to the SU-MIMO CQI.  However, care needs to be taken that this differential encoding still spans the average delta encountered in practice.  The comparison in Tables 2 and 3 assumes that K=9 subbands are reported. 

Table 2: Overhead comparison in bits between PUSCH 3-1 modes and PUSCH 3-2 for 4Tx
	Reporting payload
	RI=1
	RI > 1

	
	PUSCH 3-1
no MU-CQI
	PUSCH 3-1
with MU-CQI
	PUSCH 3-2
no MU-CQI
	PUSCH 3-1
no MU-CQI
	PUSCH 3-1
with MU-CQI
	PUSCH 3-2
no MU-CQI

	PMI payload
	4
	4
	4 K
	4
	4+4
	4 K

	Wideband CQI
	4
	4+4
	4
	8
	8+4
	8

	Subband CQI
	2 K
	(2+2) K
	2 K
	4 K
	(4+2) K
	4 K

	Total
(for K=9)
	26
	48
	58
	48
	74
	80


Table 3: Overhead comparison in bits between PUSCH 3-1 modes and PUSCH 3-2 for 8Tx

	Reporting payload
	RI=1
	RI > 1

	
	Rel-8 
PUSCH 3-1
	Rel-10 PUSCH 3-1
	Rel-10 PUSCH 3-2
	Rel-8 
PUSCH 3-1
	Rel-10 PUSCH 3-1
	Rel-10 PUSCH 3-2

	W1 PMI payload
	4
	4
	4
	4
	4+4
	4

	W2 PMI payload
	4
	4
	4 K
	4
	4+4
	4 K

	Wideband CQI
	4
	4+4
	4
	8
	8+4
	8

	Subband CQI
	2 K
	(2+2) K
	2 K
	4 K
	(4+2) K
	4 K

	Total
(for K=9)
	30
	52
	62
	52
	82
	84


3 
System-level performance evaluation
In this section, we provide system-level performance results to compare the candidate Rel-10 PUSCH 3-1 mode incorporating MU-CQI with Rel-8 PUSCH 3-1 as well as with PUSCH 3-2.  In addition we compare the different MU-CQI computation alternatives in terms of their performance.  
3.1 
Comparison of Rel-10 PUSCH alternatives
The performance of including MU-CQI based on Alt-1 or Alt-2 is compared in Table 4.  For reference the performance with Rel-8 PUSCH 3-1 is also shown in which case the scheduler has to extrapolate the SU-CQI for MU-MIMO scheduling.  We can see from the table that both Alt-1 and Alt-2 provide gains compared to that baseline, although Alt-2 shows significantly larger benefits of about 7-8% on average.  We view this as a significant gain and therefore believe that incorporating an MU-CQI into PUSCH Mode 3-1 is beneficial.  Based on our evaluation it appears that Alt-2 is the more promising scheme for computing MU-CQI at the UE side.  
Table 4: Comparison of Rel-8 PUSCH 3-1 and Rel-10 PUSCH 3-1 based on Alt-1 and Alt-2
	Reporting method
	SU/MU-MIMO

	
	Average cell spectral efficiency [bps/Hz]
	Cell-edge UE spectral efficiency [bps/Hz]

	Rel-8 PUSCH 3-1
	2.989
	0.1085

	Rel-10 PUSCH 3-1
Alt -1
	3.114
	+4.1%
	0.1148
	+5.8%

	Rel-10 PUSCH 3-1
Alt-2
	3.212
	+7.5%
	0.1229
	+13.3%


3.2 
Comparison with proposed PUSCH 3-2 

In this contribution, we also draw a performance comparison between Rel-8 PUSCH 3-1 without MU-CQI and Rel-10 PUSCH 3-2 to better understand the performance/overhead tradeoff.  The results are listed in Table 4 and show that for the scenario under consideration only a small gain of 1.1% is achieved for MU-MIMO, whereas no difference is observed for SU-MIMO. 
Despite the marginal gain that PUSCH 3-2 provides in this scenario, we believe that gains may be larger under different channel model assumptions and we therefore see benefit in supporting both a Rel-10 extension of Mode 3-1, as well as the introduction of PUSCH Mode 3-2 in Rel-10.  

Table 5: Comparison of Rel-8 PUSCH 3-1 and Rel-10 PUSCH 3-2

	Reporting method
	SU-MIMO
	MU-MIMO

	
	Average cell spectral efficiency [bps/Hz]
	Cell-edge UE spectral efficiency [bps/Hz]
	Average cell spectral efficiency [bps/Hz]
	Cell-edge UE spectral efficiency [bps/Hz]

	Rel-8 PUSCH 3-1
	2.807
	0.1161
	2.970
	0.1080

	Rel-10 PUSCH 3-2
	2.811
	+0.1%
	0.1152
	-0.8%
	3.003
	+1.1%
	0.1111
	+2.9%


4 
Conclusions
In this contribution we have discussed remaining design details of PUSCH Mode 3-1, especially as it relates to MU-CQI aspects.  Specifically, we have compared two alternatives on how this MU-CQI can be computed and shown the benefit of including it through system-level evaluations. 
Based on the analyses, we recommend that PUSCH 3-1 be supported and that it can be configured to include an MU-CQI, in line with the previous way forward on this topic [1].  Despite the promising performance of PUSCH Mode 3-1 in these evaluations, we also support the introduction of PUSCH Mode 3-2 in Rel-10. 
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Appendix

The simulation assumptions are consistent with the agreed framework in [5]. Other simulation assumptions are listed in Table 6 below. 
Table 6: Simulation assumptions

	Parameter
	Value

	Transmission Bandwidth
	10 MHz

	Channel Model
	3GPP Case 1, SCM-E High Spread

	Antenna configuration
	ULA, 0.5λ, vertically polarized

	Number of UEs per cell
	10

	Number of Tx antennas
	4

	Number of Rx antennas
	2

	Receiver Type
	Linear MMSE modeled

	Channel estimation
	Non-ideal

	Allocation Size 
	Adaptive

	Rank selection
	Adaptive

	CQI/Precoding feedback period
	5 ms

	Feedback subband size
	6 RBs

	Number of bandwidth parts
	3

	Feedback error
	Not modeled

	Frequency sensitive scheduling
	Yes

	Scheduling fairness
	Proportional fair

	Interference Estimation
	No interference covariance knowledge is assumed

	HARQ target
	10% BLER after 1st transmission

	Maximum number of retransmissions
	4
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