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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK4]At the RAN1 #91 meeting, the following agreement was achieved [1] regarding the enhancement on SRS antenna switching.
Agreement:
Support SRS antenna switching for 1T4R and 2T4R UE antenna configuration in Rel-15
[bookmark: _Ref129681832]Besides SRS antenna switching, the support of PUSCH antenna selection had been raised on last meeting [2-3]. In this contribution, we provide the simulation results to show the gain of supporting PUSCH antenna selection. The potential solutions to support PUSCH antenna selection are discussed as well.
PUSCH Antenna Selection
It was well known that SRS in TDD system has two major usages, i.e., acquiring beamformer for downlink PDSCH and measuring channel qualities for uplink PUSCH. When the number of Tx chain is less than Rx chain, SRS antenna switching can enable eNB to obtain the uplink channels from each antenna port of UE. The first usage, i.e., acquiring beamformer for PDSCH, can be fulfilled by adopting EVD, ZF or SNLR based beamforming algorithms based on the uplink channel estimates. 
For PUSCH, the gain of antenna port selection can be harvested when eNB could dynamically indicate the best antenna ports that UE uses to transmit PUSCH. Here the criterion of port selection may include antenna ports that have the best SNR or have the least interference to other UEs. It would be anticipated that uplink performance would be improved in such manner. In the phase of specifying antenna selection for 1T2R in LTE Rel-8, SRS switching and PUSCH antenna selection were discussed and designed together. At this stage, it would make sense to support antenna selection for SRS and PUSCH for 1T4R and 2T4R antenna configurations in Rel-15. 
To illustrate the gain of PUSCH antenna selection, the system level simulation was performed, where eNB is equipped with 16 antenna ports, and UE is configured with 1T4R and 2T4R respectively. The baseline is 1T2R with PUSCH antenna selection and 2T2R. Figure-1(a) shows the performance comparison between 1T2R and 1T4R. Figure-1(b) shows the performance comparison between 2T2R and 2T4R. The traffic model for both simulations is full buffer, and SU and MU operations are adaptive according to channel conditions. The simulation conditions are detailed in the Appendix.

(a) Performance gain for 1T4R compared to 1T2R

(b) Performance gain for 2T4R compared to 2T2R
Figure 1 Simulation results of PUSCH antenna selection

From the simulation results we observes, PUSCH antenna selection with 1T4R and 2T4R can achieve about 6% and 5% improvement of cell average UPT compared to that with 1T2R and 2T2R, respectively. For the cell edge throughput, the performance gains are much more obvious that is up to 13% and 11%. We think the performance gain is meaningful, and worthy to support PUSCH antenna selection.

Observation: Antenna selection for PUSCH with 1T4R and 2T4R UE antenna configuration can achieve obvious performance gain compared to that with 1T2R and 2T2R UE antenna configuration, especially for cell edge UPT.

Proposal 1: Support PUSCH antenna selection for 1T4R and 2T4R antenna configuration in LTE Rel-15.
Specification Impact

In legacy LTE specification, when closed-loop UE transmit antenna selection is configured and applicable, antenna selection masks are used to indicate the antenna ports. In DCI format 0 or DCI format 6-0A, the CRC parity bits are scrambled with the antenna selection mask  as indicated in Table 1 and the corresponding RNTI. Via checking the CRC parity bits, UE can obtain the antenna port indication.

Table 1. UE transmit antenna selection mask
	UE transmit antenna selection 
	
Antenna selection mask


	UE port 0
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0>

	UE port 1
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1>



PUSCH antenna selection for 1T4R
To support antenna selection for 1T4R antenna configuration, at least DCI format 0 should be enhanced. One principle of enhancing DCI format 0 is that the payload size of DCI format0 should not be increased. One reason is that DCI format0 can be in common search space and has relative higher reliability request. Increasing payload size of DCI format 0 would deteriorate detection performance. In addition, the DL-related DCI format 1A needs to have the same payload size as DCI format 0. If the payload size of DCI format 0 is increased by some additional bits, then DCI format 1A may need to be padded with additional bits to ensure the same payload size between DCI formats 0 and 1A, which is also not desired. 
Following this principle, one scheme is to reuse some existing bit-fields of DCI format0 to assist antenna port indication. For instance, the antenna ports are divided into two groups, i.e., antenna group0: {port 0, port2}, antenna group1: {port1, port3}. CRC mask sequences are used to indicate antenna group, and the existing bit-field, e.g., DMRS indication, is to further indicate the antenna port within the selected antenna port group. One example of reusing the existing bit field of DMRS indication is shown in the bellow table2.
Table2: Using existing bit field of DMRS indication to indicate antenna port in selected antenna group
	Cyclic Shift Field in 
uplink-related DCI format [3]
	
	

	

	Antenna port

	
	
	
	
	
	
	
	
	
	
	

	000
	1
	0
	6
	3
	9
	
	
	
	
	0

	001
	1
	6
	0
	9
	3
	
	
	
	
	1

	010
	1
	3
	9
	6
	0
	
	
	
	
	0

	011
	0
	4
	10
	7
	1
	
	
	
	
	1

	100
	0
	2
	8
	5
	11
	
	
	
	
	0

	101
	0
	8
	2
	11
	5
	
	
	
	
	1

	110
	0
	10
	4
	1
	7
	
	
	
	
	0

	111
	1
	9
	3
	0
	6
	
	
	
	
	1



Proposal 2: Enhance DCI format0 to indication 1T4R antenna selection, where antenna port is indicated by the antenna mask sequence and existing bit-field. The existing bit-field can be DMRS indication.

PUSCH antenna selection for 2T4R
DCI format 4 is used for the scheduling of PUSCH in one UL cell with multi-antenna port transmission mode. Hence when antenna selection of 2T4R is configured and applicable, DCI format 4 should be enhanced as well to be able to indicate the ports selection. The scheme of indicating 2T4R antenna selection depends on the number of antenna ports groups. 
From the contributions of last meeting, there are two implementations for 2T4R, which is shown in Figure 2.
[image: ]                                  [image: ]
(a) Two antenna port groups: {0, 2}, {1, 3}                 (b) Three antenna groups: {0,1}, {0,2}, {0,3}
Figure2: Two implementations for 2T4R
In Figure 2(a), 4 antenna ports are divided into 2 antenna port groups, i.e., group0: {0, 2} and group1: {1, 3}. UE can simultaneously transmit PUSCH using all antenna in any but not all antenna groups. Similarly, in Figure 2(b), 4 antenna ports are divided into 3 antenna port groups, i.e., group0: {0, 1} and group1: {0, 2} and {0, 3}. DCI format 4 should be able to indicate the selected antenna group.
In our view, it is not necessary to support both antenna configurations. Two antenna groups in Figure2 (a) require less time to collect the full channel information. Moreover, the design of SRS antenna pattern for 2 antenna group is simpler than 3 antenna groups. Hence we slightly prefer to support 2 antenna groups antenna selection for 2T4R.
Regarding the potential schemes, one solution is to reuse the existing bit-field to indicate the antenna port group. Similar to indicating 1T4R, the existing bit-field of DMRS indication is a good option. The other possible solution is to introduce CRC mask sequences in DCI format4 to select antenna port group. Both above mentioned have the merit of not introducing addition bits in DCI format4. 
Proposal 3: Enhance DCI format4 to indicate 2T4R antenna selection. One of two antenna groups can be indicated by the existing bit-field, e.g., DMRS indication, or introduced CRC mask sequence.

Conclusions
This contribution discusses the PUSCH antenna selection for 1T4R and 2T4R. We propose 
Proposal 1: Support PUSCH antenna selection for 1T4R and 2T4R antenna configuration in LTE Rel-15.
For 1T4R antenna configuration,
Proposal 2: Enhance DCI format0 to indication 1T4R antenna selection, where antenna port is indicated by the antenna mask sequence and existing bit-field. The existing bit-field can be DMRS indication.
For 2T4R antenna configuration,
Proposal 3: Enhance DCI format4 to indicate 2T4R antenna selection. One of two antenna groups can be indicated by the existing bit-field, e.g., DMRS indication, or introduced CRC mask sequence.
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Appendix A: Simulation parameters
 Table A-1 Simulation parameters
	Parameter
	Value

	Carrier frequency
	3.5GHz

	Channel model
	3GPP UMa

	Subcarrier spacing
	15 kHz

	Number of antenna elements per TRxP
	128Rx cross-polarized antenna
(M,N,P,Mg,Ng) = (8,8,2,1,1)

	Number of TXRU per TRxP
	16TXRU

	Number of antenna elements per UE
	4Tx with 0°,90° polarization

	UE power class
	23 dBm

	UT attachment
	Based on RSRP (formula) from CRS port 0

	Scheduling
	MU-PF

	Traffic type
	full buffer

	MIMO mode
	MU-MIMO with rank 1 per user (1T2R and 1T4R)
MU-MIMO with rank 2 adaptation per user (2T2R and 2T4R)
Maximum paired number of user = 2

	BS receiver type
	MMSE-IRC

	UL CSI derivation
	SRS based, with delay






1T2R v.s. 1T4R

1T2R	
Cell Average	Cell Edge	1	1	1T4R	
Cell Average	Cell Edge	1.0552373105243196	1.1299149725926885	



2T2R v.s. 2T4R

2T2R	
Cell Average	Cell Edge	1	1	2T4R	
Cell Average	Cell Edge	1.0452211743252167	1.1086910008986264	
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