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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 NRAH1709 [1], the following agreements were made for SRS antenna switching:
	Agreement:
· For antenna switching for SRS transmission within a carrier, at least support 1Tx (in the case of UE with 1T2R) and 2Tx (in the case of UE with 2T4R) antenna switching scheme 
· Design principle in LTE for SRS transmission can be a starting for the details in NR
· FFS: For the case UE with 2Tx, where one antenna have the capability of 1Tx to 3 antenna switching, and  another antenna have no switching
· FFS: SRS transmission for antenna switching and associated SRS resource / resource group configurations
· FFS: Antennas in a antenna group can transmit SRS simultaneously, and FFS on antenna indexing in each antenna group
· FFS: The relationship between SRS antenna switching and SRS resource hopping considering SRS repetition within one SRS resource
· This feature is used at least to acquire downlink channel information



In this contribution, we provide our views on detailed SRS antenna switching design. 
[bookmark: _Ref129681832]Discussion on Antennas Switching for SRS transmission
In RAN1 NRAH1709 [1], it was agreed to support antenna switching for SRS transmission for CSI acquisition for UE configured with 1Tx and 2Tx. With antenna switching for SRS transmission, gNB can obtain the full DL CSI based on the measurement of SRS for the UE different DL and UL capabilities, e.g., 2T4R. It is known that 1Tx2 ports antenna switching for SRS was supported when 1T2R case in LTE. Then, in the case of 4Rx at UE side in NR, if the UE only has 1Tx, antenna switching for SRS transmission with 1Tx4 ports should be supported, if the UE has 2Tx, antenna switching for SRS transmission with 2Tx4 ports should be supported. 
Discussion on 1Tx2 ports antennas switching for SRS transmission
For the antenna switching for the case of 1Tx2, there is an antenna switching scheme defined in LTE, where SRS can be transmitted in each antenna with equally chance. In NR, the LTE-like antenna switching scheme for 1Tx2 can be reused.
Discussion on 2Tx4 ports antennas switching for SRS transmission
In the following, we give the detailed design of 2Tx4 ports antenna switching for SRS transmission. To support SRS transmission with 2Tx SRS antenna switching for 4Rx, SRS hopping for 4TX switching should be defined in the specification. Since 1Tx2 ports antenna switching for SRS transmission is supported in LTE, it is straightforward to design 2Tx4 ports antenna switching similar to LTE’s design. In particular, if the whole configured bandwidth for SRS transmission needs to be covered by K SRS transmissions, 2K SRS transmissions are needed for 2Tx4 ports antenna switching to allow each antenna to cover the configured bandwidth for SRS. Moreover, in the K SRS transmissions, the opportunity of SRS transmission for each antenna is needed to be as equal as possible.


According to the above discussion, the SRS hopping with 2Tx4 ports antenna switching is given as follows. UE can use 2 antennas for SRS transmission simultaneously, and these 2 antennas compose an antenna group. Therefore, the SRS transmission with 2Tx SRS antenna switching for 4Rx becomes switching among antenna groups, e.g., among 2 antenna groups. Similar to LTE, when frequency hopping is disabled, the antenna group index for SRS transmission, of the UE antenna group that transmits the SRS at time  is given by

,                                                          (1)

where   counts the number of UE-specific SRS transmission.


When frequency hopping is enabled, the index , of the UE antenna group that transmits the SRS at time  is given by

            (2)



where is the minimum needed number of SRS transmissions to cover the whole configured bandwidth for SRS, and the antennas in a group have the capability to transmit SRS simultaneously. The association between antenna group index and antenna index is defined in Table 1.
Table 1 Association between antenna group and antenna
	Antenna group index
	Antenna index

	
Antenna group 
	{0, 1}

	
Antenna group 
	{2, 3}



Based on the proposed scheme in (1) and (2), we show the antenna switching pattern for SRS transmission in Table 2. In the example, SRS hopping is enabled with K = 2. Antenna group 0 is composed by antenna {0, 1} and antenna group 1 is composed by antenna {2, 3}, which is shown in Table 1. It can be found that the scheme above is just re-using the antenna switching method in LTE for 1T2R, therefore basic design principle of SRS antenna switching can be guaranteed. Furthermore, it can be found that the 2Tx4 ports antenna switching can be realized by configuring two 1Tx2 ports antenna switching in the same symbol.

Table 2 An example of SRS hopping with K=2
	

	First part of  SRS bandwidth
	Second part of  SRS bandwidth

	0
	
Antenna group 
Antenna indexes {0,1}
	

	1
	
	
Antenna group 
Antenna indexes {2,3}

	2
	
Antenna group 
Antenna indexes {2,3}
	

	3
	
	
Antenna group 
Antenna indexes {0,1}


Proposal 1: For 2Tx4 ports antenna switching for SRS transmission, adopt LTE-like antenna switching scheme, i.e., (1),  (2) and Table 1, with 2Tx in an antenna group.
For the case of one antenna have the capability of 1Tx to 3 antenna switching, and another antenna have no switching, the benefit is no insertion loss in one antenna, but it also introduce larger latency for antenna switching. Moreover, the switching pattern will be imbalance for two antennas. Thus, it should be further studied.
Discussion on 1Tx4 ports antennas switching for SRS transmission
In order to support 1Tx4 ports antenna switching, the following design principles should be satisfied, which are similar to 1Tx2 ports antenna switching design in LTE
1) The whole configured bandwidth for SRS needs to be covered by K SRS transmissions
2) In the K SRS transmissions, the opportunity of SRS transmission for each antenna is needed to be as equal as possible
3) Within 4K SRS transmissions, the whole configured bandwidth for SRS is covered by each antenna 
According to the above discussion, the SRS hopping for 1Tx4 ports antenna switching is given as follows.


When frequency hopping is disabled, the antenna index for SRS transmission, of the UE antenna that transmits the SRS at time  is given by

.                                                          (3)
where nSRS  counts the number of UE-specific SRS transmission.


When frequency hopping is enabled, the index , of the UE antenna that transmits the SRS at time  is given by

            (4)







where is the minimum needed number of SRS transmissions to cover the whole configured bandwidth for SRS.  and are used to guarantee that the whole configured bandwidth for SRS can be covered by 4K SRS transmissions for each antenna and the opportunity for SRS transmission is as equal as possible for each antenna in K SRS transmission. 
Based on the proposed scheme in (3) and (4), we show the antenna switching pattern for SRS transmission in Table 3. In the example, SRS hopping is enabled with K = 4. Each SRS transmission will cover one fourth of the whole configured bandwidth for SRS. K=4 SRS transmissions covers the whole configured bandwidth for SRS. 
Table 3 An example of SRS hopping with K=4
	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



Proposal 2: For 1Tx4 ports antenna switching for SRS transmission, adopt antenna switching scheme shown in (3) and (4).

Relation between SRS antenna switching and SRS resource
In NR, SRS is transmitted in one or more SRS resources configured by gNB. In Section 2, antenna switching is applied among multiple SRS transmissions, and these SRS transmissions may belong to one SRS resource or multiple SRS resources in the following cases:
· Case 1: SRS antenna switching within one SRS resource. In this case, all the SRS transmissions from different antennas belong to the same SRS resource. When closed-loop UE transmit antenna selection is enabled, UE will switch its Tx antenna according to the schemes given in Section 2 within the SRS resource, which is the same as LTE design principle. 
· Case 2: SRS antenna switching among different SRS resources. In this case, UE does not switch its Tx antenna within one SRS resource. Instead, the Tx antenna is switched between different SRS resources. In particular, N SRS resources can be configured for SRS antenna switching, where N=2 for 1Tx2 and 2Tx4ports SRS antenna switching and N=4 for 1Tx4ports SRS antenna switching. Each one of the N SRS resources corresponds to different antennas. For example, for the case of 2Tx4ports SRS antenna switching, N=2 SRS resources (e.g., SRI-A and SRI-B) are configured to UE, and the relation between SRI and antenna index can be defined in Table 4.
Table 4 Association between SRS resource and antenna
	SRI
	Antenna index

	SRI-A
	{0, 1}

	SRI-B
	{2, 3}





In this case,   counts the number of UE-specific SRS transmission in both of the two SRS resources. Thus, equation (1) and (2) can be used for SRI determination, i.e., SRS resource A is transmitted when and SRS resource B is transmitted when

For both of the two cases, the relation between  and antenna index are the same. Hence, switching schemes discussed in Section 2, same as LTE design principle, can be applied for both of the two cases.
Furthermore, it was agreed that one SRS resource may span N = {1, 2, 4} adjacent OFDM symbols in one slot at least for SRS repetition. However, if Tx antenna is switched within the N symbols, the channel will change during SRS repetition, and gNB cannot combine the CSI measured on the N symbols for overage enhancement. So, SRS repetition and antenna switching for SRS transmission cannot be enabled at the same time in a slot. Moreover, considering the antenna switching time, i.e., 15 us as agreed in RAN4 [2], antenna switching between two adjacent symbols will lead to the performance degradation since at least 15 us of one SRS symbol cannot be used for SRS transmission. This issue will be more serious for the large subcarrier spacing, e.g., 30 KHz and 60 KHz. Consequently, it is preferred to only support inter-slot antenna switching and not allow antenna switching within one slot.
Proposal 3: Considering the antenna switching time, supports inter-slot antenna switching in Rel-15.

Performance evaluation of antennas switching for SRS transmission
In this section, we will provide some simulation results to show the benefits of 2Tx4 ports antenna switching for SRS transmission. In all of the simulation below, the impact of time delay and insertion loss of SRS antenna switching are considered. Moreover, FTP 1 traffic model is used in the simulation and other simulation assumptions can be found in Appendix-A.
In Figure 1, we provide the performance evaluation of the 2Tx4 ports antenna switching with insertion loss. The baseline is 2TX SRS transmission without antenna switching. For both of the cases in the simulation (i.e., 2Tx without switching and 2Tx4 ports antenna switching), 2T4R is assumed at UE side. In the simulation, there is no insertion loss in the baseline (2TX without antenna switching), and 0.5dB~2dB for the 2Tx4 ports antenna switching. 
[image: ]
Figure 1 Performance gain 2Tx4 ports SRS antenna switching scheme in (1) and (2) over 2T4R without switching
As illustrated in Figure 1, it shows that 2Tx4 ports antenna switching can obtain 16%~23% cell average gain over 2T4R without antenna switching. For performance gain for cell edge, 15%~23% gain over 2T4R without antenna switching can be obtained with different insertion loss assumption. Due to the performance gain in the simulation results, we propose to support at least 2Tx4 ports antenna switching.
[bookmark: _GoBack]Observation 1: With 2Tx4 ports antenna switching for SRS transmission, significant gain can be obtained in the case of 2T4R at UE side, where 16%~23% average gain can be observed.
Furthermore, we provide the simulation result of 1Tx4 ports antenna switching for SRS transmission in the following. In the simulation, 1T4R is assumed at UE side. 
[image: ]
Figure 2 Performance gain of 1Tx4ports SRS antenna switching over 1T4R without switching.
As illustrated in Figure 2, it shows that 1Tx4 ports antenna switching can obtain 19%~26% cell average gain over 1T4R without antenna switching. For performance gain for cell edge, 15%~18% gain over 1T4R without antenna switching can be obtained with different insertion loss assumption. Moreover, a detailed design of 1Tx4 ports antenna switching can be found in Appendix-B.
Observation 2: With 1Tx4 ports antenna switching for SRS transmission, significant gain can be obtained in the case of 1T4R at UE side, where 19%~26% average gain can be observed.

Conclusions
Based the discussions above, we have the following proposals:
Observation 1: With 2Tx4 ports antenna switching for SRS transmission, significant gain can be obtained in the case of 2T4R at UE side, where 16%~23% average gain can be observed.
Observation 2: With 1Tx4 ports antenna switching for SRS transmission, significant gain can be obtained in the case of 1T4R at UE side, where 19%~26% average gain can be observed.

Proposal 1: For 2Tx4 ports antenna switching for SRS transmission, adopt LTE-like antenna switching scheme, i.e., (1), (2) and Table 1, with 2Tx in an antenna group.
Proposal 2: For 1Tx4 ports antenna switching for SRS transmission, adopt antenna switching scheme shown in (3) and (4).
Proposal 3: Considering the antenna switching time, supports inter-slot antenna switching in Rel-15.
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Appendix-A: Simulation Assumptions
	Parameters
	Values

	Duplex mode 
	TDD

	Inter-BS distance 
	200m

	Carrier frequency 
	4GHz

	Simulation bandwidth
	10MHz

	Channel model
	UMi

	BS Tx power 
	41dBm

	BS antenna configuration
	(M, N, P, Mg, Ng) = (8, 4, 2, 1, 1); (dH,dV) = (0.8, 0.5)λ

	BS TXRU mapping
	(MTXRU, NTXRU, P, Mg, Ng) = (2, 4, 2, 1, 1)

	UE antenna configurations 
	2Rx, 4Rx, Cross-polarized with 0, 90deg

	UE antenna height
	Follow TR36.873

	UE antenna gain
	Follow TR36.873

	UE receiver noise figure
	9 dB

	Traffic model
	Non-Full buffer, FTP model 1, 500KB packet size

	UE distribution
	80% Indoor, 3km/h, 
20% Outdoor, 30km/h

	Scheduler
	PF

	HARQ scheme
	CC with up to 3 retransmissions

	UE receiver type
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	MIMO mode
	MU-MIMO with rank adaptation, max rank =4

	SRS hopping bandwidth
	24 PRB

	SRS hopping period 
	2 ms
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