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In RAN1 AH1701 [1] and RAN1#88b [2], the following agreements were made for DMRS/SRS port number and SRS switching:
	Agreements:
· Support at least the following design of DL DM-RS for data channels
· Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO

· NR supports SRS transmission including 
· Number of SRS ports are 1, 2, 4, FFS 3, 8 (possibly other values)
· Comb levels are 2 and 4
· Configurable frequency hopping (details FFS)

· For the case of non-ideal channel reciprocity (e.g., less Tx ports than Rx ports at UE), study and evaluate at least the following candidate schemes
……
· Scheme 4: SRS switching
· SRS switching is used to obtain full channel information by multiple SRS transmission instants. Non-PMI CSI feedback can be used along with SRS switching
· Taking into account practical impairments in implementation (e.g., PLL accuracy, insertion loss, power imbalance, etc.)



In this contribution we provide our views on SRS antenna switching design in NR based on the agreed DMRS and SRS antenna port number. 
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In LTE, when UL/DL channel reciprocity is assumed at UE and gNB side, gNB may obtain the DL CSI based on the measurement of SRS for the UE. However, for the UE with different DL and UL capabilities, e.g., 1T2R, it can only transmit SRS on one antenna at one time, and only part of DL CSI can be obtained by gNB based on measurement of the SRS. In order to get full DL CSI, SRS antenna switching is supported in LTE for UE to transmit one-port SRS on two different antennas in different time. 
In NR, it was agreed to support the maximal 12 orthogonal DL DMRS ports for MU-MIMO. For SU-MIMO, the maximal DMRS port number is 8 ports. However, the UE may support less simultaneously transmitted UL ports due to UE capability, which also requires SRS antenna switching for reciprocity based CSI measurement.
What’s more, it is beneficial for uplink transmission as well if the SRS antenna switching is supported. gNB can obtain all possible UL CSIs  through UL SRS antenna port switching. Then gNB choose the best transmit antenna ports of the UE for UL transmission according to full channel measurement based on SRS antenna switching. Therefore, the blockage probability can be reduced, and the energy efficiency can be improved by avoiding UL transmission on antenna ports with worse CSI.  
As an example, gNB needs to measure the channel from N antenna ports of UE, and the UE can only transmit SRS on maximal M antenna ports simultaneously. For the case that N>M, SRS antenna switching is necessary. In LTE, only (N, M) = (2, 1) is supported. In NR, the maximum simultaneous SRS ports of each UE may be different, in order to support flexible DL transmission with more than two ports based on reciprocal channel measurement, multiple (N, M) values need to be considered. In particular, to guarantee the performance of high-order SU-MIMO, it is preferred to support reciprocal channel measurement for larger N in NR. Thus, at least N=4 and N=8 should be supported in NR. Additionally, for UE with higher UL capability, M=2 or 4 may also be necessary. 
In Figure 1, we provide the performance evaluation of the 4TX switching SRS transmission with insertion loss in the FTP traffic model, where the baseline is 1TX SRS transmission scheme. For all the cases in the simulation (i.e., 1TX, 2Tx switching and 4Tx switching), 1T4R is assumed at UE side. Moreover, an example of 4Tx antenna switching with SRS frequency hopping is given in Appendix 1. In the simulation, bursty buffer traffic with FTP1 model is assumed, where the arrival rate is set to lambda=4.0, corresponding to medium traffic load. Other detailed simulation assumptions can be found in Appendix 2. Moreover, the impact of time delay and insertion loss are both considered. In the simulation, we assume the insertion loss is 0 dB for the baseline with 1TX, and 0.5dB~1.5dB for the 2TX and 4TX switching. The periodicity for the 2TX and 4TX switching is assumed as 10ms and 20ms, respectively. 
As illustrated in Figure 1, it shows that 4TX switching SRS transmission can obtain 35% cell average gain over 1TX, and 23% cell average gain over 2TX switching. For performance gain for cell edge, 46%~59% gain over 1TX and 34%~46% gain over 2TX switching can be obtained with different insertion loss assumption. Due to the performance gain in the simulation results, we propose to support at least 4Tx SRS antenna switching.
[image: ]
Figure 1 Performance gain for SRS antenna switching by UE with 4 Rx.
Moreover, for the case (N, M) = (4, 2), the impact of practical impairments in implementation on SRS antenna switching will be less and thus it should also be supported. To further improve the performance of high-order SU/MU transmission, (N, M) = (8, 4) may also be necessary.
Proposal 1: Support transmission antenna switching for the SRS if the UE cannot sound on all antennas at the same time. 
Proposal 2: Support SRS antenna switching among at least 4 Tx antennas. 
For the antenna switching between two adjacent UL symbols, the impact of antenna switching time should be considered if it is larger than or similar to the CP duration. In LTE, the CP length is about 5us, which is much larger than the SRS antenna switching time, e.g., about a few us, and therefore the impact of antenna switching time can be ignored. However, since PUSCH and SRS with large subcarrier spacing are supported in NR, the CP length may be similar to the antenna switching time. If that is the case, the performance of the first SRS symbol after antenna switching may be degraded. 
For UL transmission, to select the best Tx antenna ports, the gNB should indicate the UE to use which antenna ports for data transmission. Before that, gNB needs to obtain the UL CSI through SRS transmitted from different antenna ports. Different UE antenna & RF architecture have different impacts on the UL antenna port selective transmission. For (N,M)=(N,1), the gNB can indicate the selected antenna port for UL transmission directly through SRI where each SRS resource corresponds to one antenna port. For N>M>1, the indication design becomes complicated and is discussed in [3]. Figure 2 shows an example of 2T4R where Tx RF chain #1 can attach to Ant.0 or Ant.1 through the first switch and Tx RF chain #2 can attach to Ant.2 or Ant.3 through the second switch. In this example, gNB can indicate the UE to use several possible antenna port combinations for UL transmission, e.g., (Ant.0, Ant.2), (Ant.0, Ant.3), (Ant.1, Ant.2), (Ant.1, Ant.3). However, for some UEs, there may be some hardware limitations that antenna port groups (Ant.0, Ant.3) and (Ant.1, Ant.2) are not allowed for UL transmission. Therefore,  gNB needs to know UE antenna group information before UL scheduling.


Figure 2 Example of UE with 2T4R
Proposal 3: Support UE to report its capability of SRS antenna port groups where antenna ports can be simultaneous transmission within one antenna port group.
Conclusions
Based the discussions above, we have the following proposals:
Proposal 1: Support transmission antenna switching for the SRS if the UE cannot sound on all antennas at the same time. 
Proposal 2: Support SRS antenna switching among at least 4 Tx antennas. 
Proposal 3: Support UE to report its capability of SRS antenna port groups where antenna ports can be simultaneous transmission within one antenna port group.
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Appendix 1:
Table 1 An example of 4Tx antenna switching with SRS frequency hopping
	nSRS
	First part of  SRS bandwidth
	Second part of  SRS bandwidth
	Third part of  SRS bandwidth
	Fourth part of  SRS bandwidth

	0
	Antenna index 0
	
	
	

	1
	
	Antenna index 1
	
	

	2
	
	
	Antenna index 2
	

	3
	
	
	
	Antenna index 3

	4
	Antenna index 1
	
	
	

	5
	
	Antenna index 2
	
	

	6
	
	
	Antenna index 3
	

	7
	
	
	
	Antenna index 0

	8
	Antenna index 2
	
	
	

	9
	
	Antenna index 3
	
	

	10
	
	
	Antenna index 0
	

	11
	
	
	
	Antenna index 1

	12
	Antenna index 3
	
	
	

	13
	
	Antenna index 0
	
	

	14
	
	
	Antenna index 1
	

	15
	
	
	
	Antenna index 2



Appendix 2:
 Simulation Assumptions
	Parameter
	Value

	Central Frequency
	2GHz

	Antenna configuration
	X-pol (+/-45), 0.5λ spacing separately for horizontal dimension, θetilt = 100 (3D-UMi) degrees 

	
	
4 Rx at UE with spacing
X X -polarized: 0/+90 degrees

	
	3D antenna pattern defined in TR36.873

	UE configurations

	Speed: 3km/h

	
	UE distribution: Follows 36.873, 3D-UMi

	System Bandwidth
	10MHz (50RBs)

	Scheduler
	PF 

	Traffic model
	FTP 1

	Transmit Mode
	TM10 with a single CSI process(TM9)

	
	SU-MIMO

	Receiver
	Non-Ideal channel estimation

	
	Non-Ideal interference modeling

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-0 for TDD case

	
	CQI reporting triggered per 5ms

	
	SRS 2Tx switching : 10 ms periodicity;   SRS 4Tx switching: 20 ms periodicity

	Handover margin
	3 dB

	Wrapping
	Geographical distance based 

	Insertion Loss
	0dB, 0.5dB, 1dB, 1.5dB
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