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Introduction
In NR#3 meeting [1], it was agreed that 1Tx (in the case of UE with 1T2R) and 2Tx (in the case of UE with 2T4R) antenna switching scheme are supported for SRS transmission within a carrier. In addition, it was also agreed to support 4Tx (in the case of UE with 1T4R) antenna switching within a carrier in RAN1#90bis meeting [2] and also the following agreements were made for SRS antenna switching as: 
· For 1T2R or 2T4R antenna switching within an active BWP of a component carrier, NR supports inter-slot and intra-slot antenna switching
· The UE is configured with two SRS resources which are both 1 symbol or both 2 symbols, where
· For 1T2R: Both resources are single-port, and the port of the 2nd resource is associated with a different UE antenna than the port of the 1st resource
· For 2T4R: Both resources are 2-port, and the port pair of the 2nd resource is associated with a different UE antenna pair than the port pair of the 1st resource
· For inter-slot antenna switching, the two SRS resources are TDM’d at slot level
· For intra-slot antenna switching, the two SRS resources are TDM’d. They may be configured with a guard period of Y symbols in between to account for the Tx switching transient time (e.g., enough symbols to account for 15 us according to RAN4, based on UE capability)
· The UE does not transmit any other signal during the guard period
· For intra-slot, aperiodic triggering of the two SRS resources configured for antenna switching is supported. FFS: aperiodic triggering for inter-slot.
· NR supports 1T4R antenna switching within an active BWP of a component carrier
· The UE is configured with 4 SRS resources which are all single-symbol and single-port
· Each port of the 4 resources is associated with a different UE antenna
· FFS: Inter-/intra-slot switching
· FFS: Aperiodic triggering of the 4 SRS resources
Based on the agreements listed above, there are some remaining issues for SRS antenna switching. First of all, in case of 2T4R antenna switching, the port pair for of two SRS ports from four antenna ports should be clarified. Furthermore, in the case of 1T4R antenna switching, supporting inter-/intra-slot switching is still FFS. Also, aperiodic triggering of SRS resources for inter-slot is still FFS. In this contribution, we discuss about above remaining issues on SRS antenna switching.
SRS antenna switching
In general, for the case that R>T where gNB needs to measure the channel from R antenna ports of UE, and the UE can only transmit SRS on maximal T antenna ports simultaneously, the SRS antenna switching can be used for full UL channel measurement over time and also for full DL channel information when UL/DL channel reciprocity is assumed at UE and gNB side. In NR, SRS antenna switching of (R, T)=(2,1), (4,1), and (4,2) are supported. In case of (R, T)=(4,2), the UE is configured with two SRS resources where two SRS ports are transmitted in each SRS resource, and the port pair of the 2nd resource is associated with a different UE antenna pair than the port pair of the 1st resource. For instance, we can consider the following UE antenna port pair as
· SRS port pair of (0,1) and (2,3)
· SRS port pair of (0,2) and (1,3)
Between above examples, we propose to select SRS port pair of (0,2) and (1,3). There are two reasons for this. The first reason is the UL codebook structure. NR supports full, partial, and non-coherent UL precoders in UL codebook. For partial case, the precoder structure assumes that port pairs (0,2) and (1,3) can transmit coherently. Therefore, if the UE has to select 2 ports among 4 SRS ports, then it makes sense to select 2 ports that are coherent, so that the ports are selected are still coherent. Another reason is that the two port pairs can correspond to two panels each with two ports (x-pol). Port 0 and 1 correspond to +45 pol in panel 1 and 2, respectively, and likewise Port 2 and 3 correspond to -45 pol in panel 1 and 2, respectively. So, with SRS port pairs of (0,2) and (1,3) port, the UE essentially performs panel selection when it select 2 ports among 4 SRS ports. In this aspect, we propose:
Proposal 1: For 2T4R antenna switching, SRS port pair of (0,2) and (1,3) is selected for different UE antenna pair in each SRS resource.
Next, we discuss on inter-/intra-slot antenna switching for 1T4R. In order to support inter-slot antenna switching for 1T4R, at least 4+3Y symbols are needed where Y is guard period accounted for the Tx switching transient time (e.g., enough symbols to account for 15 μs according to RAN4, based on UE capability). Considering numerology of 15kHz, 15 μs of Tx switching transient time is within one symbol duration (66.67 μs without CP). Therefore, at least 7 symbols are required for inter-slot antenna switching for 1T4R. Moreover, compared to antenna switching for 1T2R and 2T4R, the number of SRS transmission to cover the whole SRS bandwidth is twice for 1T4R antenna switching. In this regard, without inter-slot antenna switching for 1T4R, SRS transmission period will be increase. Therefore, we propose: 
Proposal 2: Support both inter-slot and intra-slot switching for UE with 1T4R.
According to NR#3 meeting [1], the following agreement was made:
· An SRS resource can be configured to occupy a location within at least the last 6 symbols in a slot.
· FFS other location in a slot or using all UL OFDM symbols in a slot depending on the results of antenna switching discussions
As mentioned above, in order to support inter-slot antenna switching for 1T4R at least 7 symbols are required. Therefore, we propose:
Proposal 3: An SRS resource can be configured to occupy a location within at least the last 7 symbols in a slot.
In addition, for aperiodic triggering of SRS resource, intra-slot antenna switching is more reasonable in general. However, for 1T2R and 2T4R antenna switching, if two symbols are used for one SRS resource, 5 symbols are needed (including one symbol guard period). Also, at least 7 symbols are required for IT4R. Therefore, in this case intra-slot antenna switching may not be impossible if enough SRS transmission region is not attained. In this regard, we propose:
Proposal 4: For 1T2R, 2T4R, and 1T4R antenna switching, aperiodic triggering of SRS resources is supported both for intra-slot and inter-slot.
Finally, in regard of TS38.214 V15.0.0 [3] on UE antenna switching, this contribution proposes to rectify inconsistencies with agreement and detailed antenna selection criteria with and without frequency hopping. Currently, TS 38.214 [3] describes for UE antenna switching as:
· When UE antenna switching is enabled by the higher layer parameter SRS-SetUse set as ‘antenna switching’ for a UE that supports transmit antenna switching, a UE may be configured with one of the following configurations depending on the UE capability:
· SRS resource set with two SRS resources transmitted in different symbols, each SRS resource consisting of a single SRS port being associated with different UE antenna ports, or
· SRS resource set with two SRS resources transmitted in different symbols, each SRS resource consisting of two SRS ports where the port pair of the second resource is associated with a different UE antenna pair than the port pair of the first resource, or
· SRS resource set with four SRS resources transmitted in different symbols, each SRS resource consisting of a single SRS port being associated with different UE antenna ports,
· and a guard period, not used for any other UE transmission, of Y symbols in-between the SRS resources is used in case the SRS resources are transmitted in the same slot.
First of all, the related agreement for guard period when intra-slot antenna switching is enabled is as follow:
· The UE does not transmit any other signal during the guard period.
However, in the second sub-bullet for above description, it is described as “a guard period, not used for any other UE transmission” This is not consistent with agreement. In addition, above description on UE antenna switching in TS 38.214 [3] does not capture the detailed antenna selection criteria with frequency hopping operation. Therefore, we propose the detailed UE antenna switching criteria in Section 4 based on Proposal 1 above and by extending antenna selection criteria with frequency hopping used in TS 36.213 [4]. Therefore, a possible solution to both issues outlined above is as follows:
Proposal 5: The following refinements are made in TS38.214 on UE antenna switching:
· Refine the description on guard period 6.2.1.2 as “a guard period where UE does not transmit any other signal”.
· Add detailed antenna selection criteria with and without frequency hopping.
Conclusions
This contribution discusses on issues of SRS antenna switching and proposes the followings depending on the discussion:
Proposal 1: For 2T4R antenna switching, SRS port pair of (0,2) and (1,3) is selected for different UE antenna pair in each SRS resource.
Proposal 2: Support both inter-slot and intra-slot switching for UE with 1T4R.
Proposal 3: An SRS resource can be configured to occupy a location within at least the last 7 symbols in a slot.
Proposal 4: For 1T2R, 2T4R, and 1T4R antenna switching, aperiodic triggering of SRS resources is supported both for intra-slot and inter-slot.
Proposal 5: The following refinements are made in TS38.214 on UE antenna switching:
· Refine the description on guard period 6.2.1.2 as “a guard period where UE does not transmit any other signal”.
· Add detailed antenna selection criteria with and without frequency hopping.
Text proposal
[bookmark: _Toc501048222]6.2.1.2	UE antenna switching
When UE antenna switching is enabled by the higher layer parameter SRS-SetUse set as 'antenna switching' for a UE that supports transmit antenna switching, a UE may be configured with one of the following configurations depending on the UE capability:
-	SRS resource set with two SRS resources transmitted in different symbols, each SRS resource consisting of a single SRS port being associated with different UE antenna ports, or
· When frequency hopping is disabled (i.e., ), the single SRS port index , of the UE antenna that transmits the SRS at time  given by  for both partial and full sounding bandwidth.
· When frequency hopping is enabled (i.e., ), the single SRS port index , of the UE antenna that transmits the SRS at time  given by 
where  ,  (where  regardless of the  value) and values , ,  are given in Subclause 6.4.1.4.3 of [5].
-	SRS resource set with two SRS resources transmitted in different symbols, each SRS resource consisting of two SRS ports where the port pair of the second resource is associated with a different UE antenna pair than the port pair of the first resource, or
· When frequency hopping is disabled (i.e., ), the two SRS port pair index , of the UE antenna that transmits the SRS at time  given by  where  for both partial and full sounding bandwidth.
· When frequency hopping is enabled (i.e., ), the two SRS port pair index , of the UE antenna that transmits the SRS at time  given by  where 
where  ,  (where  regardless of the  value) and values , ,  are given in Subclause6.4.1.4.3 of [5].
-	SRS resource set with four SRS resources transmitted in different symbols, each SRS resource consisting of a single SRS port being associated with different UE antenna ports,
· When frequency hopping is disabled (i.e., ), the single SRS port index , of the UE antenna that transmits the SRS at time  given by  for both partial and full sounding bandwidth.
· When frequency hopping is enabled (i.e., ), the single SRS port index , of the UE antenna that transmits the SRS at time  given by 
where  ,  (where  regardless of the  value) and values , ,  are given in Subclause 6.4.1.4.3 of [5].
and a guard period where UE does not transmit any other signal, not used for any other UE transmission, of Y symbols in-between the SRS resources is used in case the SRS resources are transmitted in the same slot.
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