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Introduction
In RAN1#92 meeting [1], the following agreement was made for aperiodic SRS offset to decide transmission timing of aperiodic SRS as:
· The slot offset with respect to DCI that triggers an SRS resource set is higher layer configured in a per SRS resource set
· FFS: Details on the support for aperiodic SRS for 1T4R
Since at least more than 7 symbols in a slot are required for 1T4R intra-slot antenna switching, on conditioned that only last 6 symbols in a slot are available for SRS location, further detailed solution is necessary for aperiodic SRS transmission with 1T4R when the aperiodic SRS offset is configured per SRS resource set basis. Above FFS point will be discussed in this contribution.
Aperiodic SRS transmission for 1T4R antenna switching
Based on TS 38.211 [2], possible SRS locations are the last 6 symbols in a slot. Also, according to TS 38.214 [3] SRS resources are transmitted in different symbols for UE antenna switching. In addition, for intra-slot antenna switching SRS resources shall be configured with a guard period of Y symbols between SRS resources to account for Tx switching transient time. During the guard period, the UE does not transmit any other signals. Therefore, 4+3Y symbols are required for 1T4R intra-slot antenna switching. On the other hand, only 2+Y symbols are required for 1T2R and 2T4R intra-slot antenna switching. Since Y value can be 1 or 2 symbol(s) depending on numerology [3], 7 or 10 symbols are necessary for 1T4R intra-slot antenna switching and 3 or 4 symbols are necessary for 1T2R and 2T4R intra-slot antenna switching. Related to this issue, we should make a clarification on FFS points made in RAN1#90bis meeting [3] as:
· NR supports 1T4R antenna switching within an active BWP of a component carrier
· FFS: Inter-/intra-slot switching
· FFS: Aperiodic triggering of the 4 SRS resources
In this aspect, Table 1 shows the comparison of 1T4R with different antenna switching methods in the regard of SRS symbol extension and required SRS transmission time. If we support intra-slot antenna switching only, SRS symbol extension is inevitable since 7 or 10 symbols are required in this case. However, when inter-slot antenna switching is supported only, we do not need to extend SRS symbols. However, compared to intra-slot antenna switching, the required SRS transmission time will be increased into fourfold. On the other hand, if we consider joint transmission of intra- and inter-slot antenna switching, we can avoid SRS symbol extension and minimize SRS transmission time compared to inter-slot antenna switching only. Specifically, if joint transmission of 1T4R intra- and inter-slot antenna switching is configured with 2 SRS resources within intra-slot and other 2 SRS resources over inter-slot, then SRS symbol extension is not necessary and the required SRS transmission time will be increased into twice compared with intra-slot antenna switching only. Instead, joint transmission of 1T4R intra- and inter-slot antenna switching can be configured in an asymmetric way. For instance, one SRS resource and three SRS resources are transmitted in different slot (1+3 or 3+1). However, in this case SRS symbol extension may be necessary and the benefit is not clear compared to joint intra and inter-slot antenna switching composed of 2 SRS resources within intra-slot and other 2 SRS resources over inter-slot (2+2). Therefore, the following observation can be made:
Observation 1: Considering the aspects of necessary for SRS symbol extension and required SRS transmission time, joint transmission of intra- and inter-slot antenna switching (2+2) would be a good solution for supporting 1T4R antenna switching
Table 1 Comparison of 1T4R with different antenna switching methods
	
	SRS symbol extension 
	Required SRS transmission time 

	Intra-slot antenna switching only
	inevitable
	One slot

	Inter-slot antenna switching only
	Unnecessary
	Four slots

	Joint intra and inter-slot antenna switching (2+2)
	Unnecessary
	Two slots

	Joint intra and inter-slot antenna switching (1+3 or 3+1)
	May be necessary
	Two slots


In addition, in RAN1#92 meeting [1] it was agreed that aperiodic SRS offset is configured by higher layer per SRS resource set basis. Therefore, when aperiodic SRS is triggered for 1T4R antenna switching, there is an ambiguity on the aperiodic SRS offset value since four SRS resources within a SRS resource set cannot be transmitted in one slot. In this case, an implicit slot offset between SRS resources can be assumed for inter-slot antenna switching. Specifically, based on the Proposal 1, among four SRS resources for 1T4R first two SRS resources are transmitted in slot n and other 2 SRS resources are transmitted in slot n+k with k>0 where slot n+k is the first slot after slot n for which symbols that the UE is configured to transmit SRS are configured as UL symbols. The symbol locations of the last two SRS resources are the same as the first two SRS resources. Plus, UE is not expected to transmit aperiodic SRS beyond k=5. In this regard, we propose:
Proposal 1: Within one aperiodic SRS resource set for 1T4R SRS antenna switching, 4 SRS resources are transmitted across 2 slots, such that 2 SRS resources are transmitted in slot n and n+k respectively, with k>0
· Slot n is the slot transmitting the first two SRS resources. 
· Slot n+k is the first slot after slot n for which symbols that the UE is configured to transmit SRS are configured as UL symbols.                 
· The symbol locations of the last two SRS resources are the same as the first two SRS resources.
· The UE is not expected to transmit aperiodic SRS beyond k=5.
The following table provides the corresponding text proposal for Proposal 1:
	Text proposal for Proposal 1:
In TS 38.214 [3], Section 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
-	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,
   -	if aperiodic SRS is triggered, 4 SRS resources are transmitted across 2 slots, such that 2 SRS resources are transmitted in slot n and n+k respectively, with 0<k≤5 and the symbol locations for the last two SRS resource are the same as the first two SRS resource where slot n+k is the first slot after slot n for which symbols that the UE is configured to transmit SRS are configured as UL symbols.
and a guard period where UE does not transmit any other signal of Y symbols in-between the SRS resources is used in case the SRS resources are transmitted in the same slot.
…


Conclusions
This contribution discusses on issues for SRS maintenance and proposes the followings depending on the discussion:
Proposal 1: Within one aperiodic SRS resource set for 1T4R SRS antenna switching, 4 SRS resources are transmitted across 2 slots, such that 2 SRS resources are transmitted in slot n and n+k respectively, with k>0
· Slot n is the slot transmitting the first two SRS resources. 
· Slot n+k is the first slot after slot n for which symbols that the UE is configured to transmit SRS are configured as UL symbols.                 
· The symbol locations of the last two SRS resources are the same as the first two SRS resources.
· The UE is not expected to transmit aperiodic SRS beyond k=5.
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