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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK4]The 1T2R SRS antenna switching was already supported in LTE. To enhance the SRS antenna switching with 4 antenna ports, the following agreement was achieved [1] in RAN1 #91 meeting.
Agreement:
Support SRS antenna switching for 1T4R and 2T4R UE antenna configuration in Rel-15
In RAN1 #92, the configuration and UE sounding procedure for SRS antenna switching with 1T4R and 2T4R were discussed [2, 3]. In this contribution, we focus on SRS antenna switching pattern for 1T4R and 2T4R antenna configurations in more details and provide the further discussion about the specification aspects.
[bookmark: _Ref129681832]Discussion on SRS antenna switching
The SRS antenna switching can be used for full UL channel measurement and also for full DL channel information when UL/DL channel reciprocity is assumed. In current LTE specification, only periodic SRS is supported for 1T2R antenna switching. Similarly, it would be straightforward to introduce antenna switching of 1T4R and 2T4R to periodic SRS transmission. To support the SRS antenna switching for 1T4R and 2T4R, the design of the antenna switching pattern is the key issue.

Discussion on antenna switching pattern for 1T4R
For a UE that supports transmit antenna selection, the formula of antenna switching for 1T2R is defined in LTE. When frequency hopping is disabled (i.e., ), the index [image: ] of the UE antenna that transmits the SRS at time nSRS is given by [image: ]. The similar principle can be followed directly as follows
· When frequency hopping is disabled (i.e., ), the antenna index of the UE antenna that transmits the SRS at time nSRS is given by
.                                                          (1)
When frequency hopping is enabled (i.e., ), the whole hopping bandwidth is covered by K= SRS transmissions based on the tree structure (TS 36.211, 5.5.3.2). To allow the whole hopping bandwidth to be covered by 4 antennas, 4K SRS transmissions are needed for 1T4R antenna switching. According to the 1T2R antenna switching pattern in LTE and proposals in [2, 3], the same design criterion adopted is that the opportunity of SRS transmission for each antenna is as equal as possible in the K SRS transmissions. The proposal in [3] provided an antenna switching formula and the antenna pattern for every 4 SRS transmissions is fixed, e.g., {0, 1, 2, 3, 0, 1, 2, 3, 0, 1, 2, 3, 0, 1, 2, 3, …}. Because the the tree structure of frequency hopping effectively ensures the maximum distance between the sub-bands of two adjacent hopping for the majority of the SRS configurations, this solution has a high risk to cause that the same antenna are centrally transmitted in the adjacent SRS sub-bands in every K transmissions, especially for K=8, 10, 12, 16, 20 and 24. As shown in Figure.1, for the first K=16 SRS transmissions, each UE antenna always sent at two adjacent SRS sub-bands which is just 1/4 of the whole hopping bandwidth. 
[image: ]
Figure 1 SRS switching of 1T4R with the solution proposed in [3], K=16

In fact, distributing antenna indexes dispersedly in the configured SRS bandwidth is very useful for antenna switching in order to obtain accurate UL channel in the shortest possible time. Firstly, adjacent SRS transmissions of the same antenna on the sub-bands with a far distance is helpful for a preliminary measurement of the whole hopping bandwidth in a short time instead of the time of 4K SRS transmissions. This is in accordance with the design criteria of the SRS frequency hopping formula and the same advantages can be expected. Secondly, for the proposed solution in [3], the 1/4 of the whole hopping bandwidth is sounded by the same antenna in the first K SRS transmissions (e.g. the sub-band 0 and sub-band 1 is sounded by antenna 1 within the first 13 transmission). For a large value of K, the accuracy of the estimation of hopping bandwidth part will be degraded because the channel response may have been  changed during a long time when estimate UL channel after 4K SRS transmission period. In a word, if SRS antenna switching is occurred in a consecutive manner in SRS sub-bands, the accuracy of estimate channel of the whole configured hopping bandwidth would be compromised, especially for a large value of K. 
To solve the problem 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. A simple way is to introduce a cyclic shift item   to the proposed solution proposed in [3] for some configurations (e.g. K = 8, 16 or 24) in which the problems are relatively serious and each of the 4 antennas is always concentrated located in adjacent SRS sub-bands. As a result, 
· When frequency hopping is enabled (i.e., ), the antenna index of the UE antenna that transmits the SRS at time nSRS is given by
 (2)

[image: ]
Figure 2 SRS switching of 1T4R based on Equ.(2), K=16
Based on the proposed solution in Equ.(2), we show the antenna switching pattern for 1T4R SRS transmission with K=16. As shown in Figure 2, the opportunity for each antenna is the same in K=16 SRS transmissions and the frequency distance between two contiguous transmission of the same antenna is at last one SRS sub-band. The same antenna index is distributed in a more dispersed manner both in time and frequency domain compared to Figure 1. The UL channel estimation is more accurate both for the limited SRS transmissions times and 4K SRS period.
Proposal 1: Support SRS antenna switching for 1T4R antenna configuration as
· When Frequency hopping is disabled: 
· When Frequency hopping is enabled:
.
 
Discussion on antenna switching pattern for 2T4R
For 2T4R antenna switching, the 2 antenna ports that transmit SRS at the same time make up an antenna group and 2T4R SRS antenna switching is equivalent to the selection of the antenna groups. It is straightforward to divide the 4 antenna ports into 2 groups (e.g. {0, 2} v.s. {1, 3}). In this way, the design of 1T2R switching in LTE can be extended directly to the 2T4R antenna switching. To be specific, the antenna switching rules for 2T4R can be expressed as follows
· When frequency hopping is disabled, the index , of a pair of UE antenna that transmits the SRS at time nSRS is given by, 
                                                           (3)
· When frequency hopping is enabled, the index , of a pair of UE antenna that transmits the SRS at time nSRS is given by
,                 (4)
where .
Based on the proposed scheme above, we have the following proposal for 2T4R antenna switching:
Proposal 2: Support SRS antenna switching for 2T4R antenna configuration as
· When Frequency hopping is disabled:  
· When Frequency hopping is enabled: 

where, 

A special case is also discussed in [3] that UE may has limited capability of antenna switching. For example, Tx chain 1 is fixed to the UE antenna port 0 but Tx chain 2 is switchable to the other UE antenna ports 1~3. The UE needs to switch three antenna groups as {0,1} {0,2} {0,3}, when configured as 2T4R switching to get 0~3 antennas. In our view, this antenna configuration require more time to go through all subbands and antenna ports, compared with two antenna groups. We slightly do not prefer to support it. However, if other companies think this type of antenna configuration is essential, we are also fine to support it. Optional, a unified formula can be designed to support the switching of 2 antenna groups and 3 antenna groups. Considering that 3 antenna groups need a longer period to cover the whole hopping bandwidth compared to 2 antenna groups, the similar design criteria as 1T4R is adopted to ensure that the antenna group indexes distribute dispersedly in the whole hopping bandwidth in K SRS transmissions for some configurations. Based on Proposal 2, assume that parameter  is the number of UE antennas or UE antenna pairs, 
· When frequency hopping is disabled, the index , of a pair of UE antennas that transmits the SRS at time nSRS is given by,
                                                           (5)
· When frequency hopping is enabled, the index , of a pair of UE antenna that transmits the SRS at time nSRS is given by,
,                           (6)
where ,  .

An example of 2T4R antenna switching based on Equ.(6) is given in Figure 3. In the example, SRS hopping is enabled with K = 9. Antenna group 0 is composed by antenna {0, 1}, antenna group 1 is composed by antenna {0, 2}, and antenna group 2 is composed by antenna {0, 3}. From Figure 3, it shows that the antenna group indexes are distributed dispersedly for the configured hopping bandwidth.

[image: ]
Figure 3 SRS switching of 1T4R with  =3 based on Equ.(6), K=9

If the 2T4R antenna switching with Λ=3 antenna groups is necessary, we have the following proposal:
Proposal 3: If the 2T4R antenna switching with Λ=3 antenna groups is necessary, support SRS antenna switching for 2T4R antenna configuration as
· When Frequency hopping is disabled:  
· When Frequency hopping is enabled: 
,
where ,  .

UE capability reporting and indication of SRS switching mode
In LTE, UE transmit antenna selection is configured by higher layers via parameter ue-TransmitAntennaSelection. When closed-loop UE transmit antenna selection is enabled for a given serving cell for a UE that supports transmit antenna selection, the 1T2R SRS antenna switching is performed based on the predefined pattern. However, based on current specification (Section 8.7, TS 36.213), a UE configured with transmit antenna selection for a serving cell is not expected to be configured with more than one antenna port for any uplink physical channel or signal for any configured serving cell. To support the 1T4R and 2T4R SRS antenna switching, UE should report the capability of antenna configuration (1T2R/1T4R/2T4R). Higher layer parameters ‘ue-TransmitAntennaSelection-SRS-1T4R’ and ‘ue-TransmitAntennaSelection-SRS-2T4R’ are introduced to indicate the SRS switching mode. The detailed impact on specification is described in [4].


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:


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

where, 

Proposal 3: If the 2T4R antenna switching with Λ=3 antenna groups is necessary, support SRS antenna switching for 2T4R antenna configuration as
· When Frequency hopping is disabled:  
· When Frequency hopping is enabled: 
,
where ,  
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