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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
In this contribution, we provide the design of SRS antenna switching for UE configured with 1T4R and 2T4R. In addition, the associated enhancement on PUSCH antenna selection is discussed as well.  
[bookmark: _Ref129681832]Discussion on SRS antenna switching
In current released LTE specification, SRS transmission can be periodic and aperiodic. However, SRS antenna switching for 1T2R is only supported under periodic SRS configurations. Similarly, it would be straightforward to introduce antenna switching of 1T4R and 2T4R to periodic SRS transmission. The specification impact would include the design of the antenna hopping pattern and associated RRC signaling. As for aperiodic SRS transmission, we slightly prefer to follow the principle in previous specification, i.e., not to support antenna switching for aperiodic SRS transmission.
Discussion on antenna hopping pattern for periodic SRS
In LTE, the formula of antenna switching for 1T2R is defined. To support the antenna switching for 1T4R and 2T4R, the correspondence between the antenna ports and SRS transmission instances should be introduced in the specification. It is well known that the following principles are satisfied in 2 antenna SRS switching:
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 2K SRS transmissions, the whole configured bandwidth for SRS is covered by each antenna 
The similar principle can be followed to enhance SRS antenna switching. Taking 1T4R antenna switching as an example, the following antenna switching rules can be defined,
· 
When Frequency hopping is not enabled, the antenna index for SRS transmission, of the UE antenna that transmits the SRS at time nSRS is given by

.                                                          (1)
where nSRS  counts the number of UE-specific SRS transmission.

When frequency hopping is enabled, the frequency hopping pattern can be represented by the tree structure. To achieve a better diversity and further improve the quality of sounding, it is natural to make the antenna indexes distribute uniformly as possible in the whole hopping bandwidth in K SRS transmissions. Taking the existing formula of 1T2R in LTE as the starting point, we find that the combination of  and  can well guarantee that SRS is evenly transmitted on 4 antennas and K bands within 4K SRS transmission instances, because the tree structure effectively ensures the maximum distance between the bands of two adjacent hopping for the majority of the SRS configurations. Unfortunately, for K = 8, 16 or 24,   has a large probability of causing the observation that the same antenna index appears in the adjacent hopping bands multiple times. To ensure the minimum bandwidth between the SRS transmitted by the same antenna port in K SRS transmission as large as possible,  is introduced when K is a multiplier of 8. Moreover, when the value of K is smaller than the number of antennas (e.g. K=2), it is proposed to adopt to satisfy that 4 antenna indexes are covered in 4 SRS transmissions. Based on this principle, the index  of UE antenna that transmits the SRS at time nSRS is given by
                  (2)
where , 


where is the minimum needed number of SRS transmissions to cover the whole configured bandwidth for SRS. is 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. 

For 2T4R antenna switching, 4 antenna ports are divided into 2 groups. The antenna ports in each group can transmit SRS simultaneously. The group that is transmitting SRS can be switched based on hopping pattern designed for 1T2R antenna switching. To be specific, the antenna switching rules can be
· When frequency hopping is disabled, the index of a pair of UE antenna that transmits the SRS at time nSRS is given by , where 
                                                           (3)

When frequency hopping is enabled, the index of a pair of UE antenna that transmits the SRS at time nSRS is given by, where
,                 (4)
where .
Based on the proposed scheme above, we show the antenna switching pattern for 1T4R SRS transmission based on the hopping parameters list in Table 1 with bhop=0 (the entire hopping bandwidth is 32 PRBs) and BSRS=3 (bandwidth of 4 PRBs is sounded at each SRS transmission). It means that the number of SRS transmissions to cover the whole hopping bandwidth is K=8. According Equ.(2), the antenna switching pattern for 1T4R is shown in Figure 1.


Table 1 Example entries of tree structure for the uplink bandwidth of 
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Figure 1 Antenna switching based on Equ.(2) with K=8

From Figure 1, we can see that the opportunity for each antenna is the same in K=8 SRS transmissions and the whole configured bandwidth can be covered for each antenna in 4K=32 SRS transmissions. In each of the K SRS transmission, each antenna transmits SRS twice and the minimum bandwidth between the SRS transmitted by the same antenna port is 3mSRS,BSRS =12 PRBs that is larger than 1/3 of the entire hopping bandwidth.

Proposal 1: Support SRS antenna switching for 1T4R antenna configuration as
· 
When Frequency hopping is disabled: 
· When Frequency hopping is enabled:
                  
where, .
Proposal 2: Support SRS antenna switching for 2T4R antenna configuration as
· When Frequency hopping is disabled: , where  
· When Frequency hopping is enabled: , where

where, 

Discussion on PUSCH antenna selection
The other issue related to 1T4R and 2T4R antenna configuration is the support of antenna selection for PUSCH. 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. By enabling SRS antenna switching, eNB can obtain the uplink channels from each antenna port of UE. Then eNB could dynamically indicate the antenna ports that UE uses to transmit PUSCH. Here the criterion of port selection may include that PUSCH has the best SNR or PUSCH has the least interference to other UEs. It would be anticipated that uplink performance would be significantly improved in such manner. In the phase of specifying antenna selection for 1T2R, SRS and PUSCH were discussed and designed together. At this stage, it would be reasonable to support antenna selection for SRS and PUSCH for 1T4R and 2T4R UE antenna configuration in Rel-15. 

In legacy LTE specification, in the case where closed-loop UE transmit antenna selection is configured and applicable, the CRC parity bits with DCI format 0 or DCI format 6-0A are scrambled with the antenna selection mask  as indicated in Table 2 and the corresponding RNTI. To support antenna selection of 1T4R antenna configuration, the DCI format 0/6-0A should be enhanced.

Table 2: 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>



Moreover, 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. 
Based on the discussion above, we propose
Proposal 3: Support antenna selection for PUSCH for 1T4R and 2T4R antenna configurations, including enhancement on UL grand DCI to indicate ports selection.


Conclusions
This contribution discusses the formula of enhanced SRS antenna switching for 1T4R and 2T4R. We propose 
Proposal 1: Support SRS antenna switching for 1T4R antenna configuration as
· 
When Frequency hopping is disabled: 
· When Frequency hopping is enabled:
                  
where, .
Proposal 2: Support SRS antenna switching for 2T4R antenna configuration as
· When Frequency hopping is disabled: , where  
· When Frequency hopping is enabled: , where

where, 
Proposal 3: Support antenna selection for PUSCH for 1T4R and 2T4R antenna configurations, including enhancement on UL grand DCI to indicate ports selection.
[bookmark: _GoBack]
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