	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 Meeting #92	R1-1801971
Athens, Greece, February 26th – March 2nd, 2018
[bookmark: Source]Agenda item:	7.1.2.3.5
Source: 	Samsung
Title: 	Issues on SRS
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In RAN1 AH 1801 meeting, there was online and offline discussion about aperiodic SRS offset to decide transmission timing of aperiodic SRS but common consensus was not achieved to solve this issue. In this contribution, we first focus on this issue since this is very important to support aperiodic SRS in NR. In addition, in RAN1 AH 1709 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
According to RAN1 AH 1801 meeting [2], the following table was agreed to define the value of Y which indicates the minimum guard period between two SRS resources of an SRS resource set for antenna switching as:
	

	

	Y(symbol)

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2


However, possible SRS locations are the last 6 symbols in a slot but based on the guard period required for SRS antenna switching we may need to consider extension of SRS location. Related to this, we should make a clarification on FFS points made in RAN1#90bis meeting [3] in order to support SRS antenna switching 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 contribution, we also discuss about remaining issues on SRS location and antenna switching.
Aperiodic SRS transmission
In RAN1#91 meeting [3], it was agreed that aperiodic SRS resource(s) are triggered per SRS resource set basis by DCI and a code point of the SRS request field in DCI can be mapped to one or more SRS resource sets. Also, 2bits SRS request field in DCI was agreed for triggering transmission of SRS resource set. However, transmission timing of aperiodic SRS was not decided yet. In RAN1 AH 1801 meeting, there was online and offline discussion about aperiodic SRS offset and following two alternatives were discussed
· Alt-1: Aperiodic SRS offset is configured by RRC per SRS resource set. 
· Alt-2: Aperiodic SRS offset is configured by RRC per SRS resource. 
In order to compare Alt-1 and Alt-2, the numbers of configurable SRS resource set(s) and SRS resource(s) are provided in Table 1 based on the agreements in RAN1#91 [4] and RAN1 AH 1801 [2]. 
[bookmark: _GoBack]Based on Table 1, at least for codebook and non-codebook based UL transmission, the aperiodic SRS offset configuration per SRS resource set is more clear and easy to manage than offset configuration per SRS resource since maximum 2 and 4 SRS resources can be supported, respectively. Considering available SRS resources, the benefits from more flexibility by introducing SRS offset configuration per SRS resource is not clear. Although there’s no agreement on maximum number of SRS resource sets/resources for beam management, multiple SRS resource sets can be configured for beam management. Regarding aperiodic SRS offset configuration for beam management, SRS resource set based offset can also work well for UL beam management. First of all, the maximum SRS resources in one set will not be large compared to CSI-RS resources for beam management because a UE will have much smaller beams than gNB. Furthermore, for UL beam management we can utilize multiple SRS resource sets. Also, we can have more SRS resources in one slot and there is no requirement to put symbol gap between SRS resources for UL beam management. Lastly, in case of antenna switching, SRS resources in the same resource set cannot be transmitted within one slot when inter-slot antenna switching is enabled. Therefore, the aperiodic SRS offset can be configured on a SRS resource basis. However, it is not efficient to define the aperiodic SRS offset on a per SRS resource basis only for inter-slot antenna switching case. Instead, one slot offset between SRS resources can be assumed implicitly for inter-slot antenna switching. For example, when two SRS resources are configured for 1T2R inter-slot antenna switching, the aperiodic SRS offset X is configured on a SRS resource set basis but the first SRS resource is transmitted in a slot with offset X and the second SRS resource is transmitted in a slot with offset X+1. In this regard, we propose:
Proposal 1: Aperiodic SRS offset is configurable by RRC on a per SRS resource set basis and the offset value X is measured in slots
· For inter-slot antenna switching, one slot offset between SRS resources can be assumed implicitly. 
Table 1 The number of SRS resource set(s) and SRS resource(s) configurable to a UE
	SRS resource set applicability
	SRS resource set(s)
	SRS resource(s) 
for each SRS resource set
	Notes

	Codebook-based UL transmission
	1
	≤2
	- SRS resources in the same resource set should have the same time domain behavior on periodic, aperiodic and semi-persistent SRS.

	Non-codebook based UL transmission
	1
	≤4
	

	Beam management
	[≥1]
	[]
	- Only one resource in each of multiple SRS sets can be transmitted at a given time instant.
- The SRS resources in different SRS resource sets can be transmitted simultaneously.
- No agreement on maximum number of SRS resource sets and SRS resources.

	Antenna switching
	[1]
	2 (1T2R and 2T4R)
4 (1T4R)
	- No agreement for whether only one SRS resource set is supported or multiple SRS resource sets can be transmitted.


The following table provides the corresponding text proposal for Proposal 1:
	Text proposal for Proposal 1:
In TS 38.214 [5], Section 6.2.1 UE sounding procedure
…
When aperiodic SRS is used with aperiodic reporting, the SRS offset is configured per resource set in the higher layer parameter AperiodicSRS-TriggeringOffset. The SRS triggering offset is measured in slots. The UE does not expect that aperiodic SRS is transmitted before the OFDM symbol(s) carrying its triggering DCI. When the higher layer parameter SRS-SetUse is set to 'AntennaSwitching', and inter-slot antenna switching is configured, the UE assume that the one slot offset between SRS resources.
…  


SRS location and antenna switching
Currently, possible SRS locations are the last 6 symbols in a slot. However, for intra-slot antenna switching, the two SRS resources are TDM’d. They may be configured with a guard period of Y symbols between SRS resources to account for the 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 while 2+Y symbols are required for 1T2R and 2T4R intra-slot antenna switching. In RAN1 AH 1801 meeting [2], it was agreed that Y can be 1 or 2 symbol(s) depending on numerology. Specifically, 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. Since whether to introduce 1T4R intra-slot antenna switching or not would decide the necessary for extension of SRS location more than 6 symbols, we should make a clarification on the following 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
Table 2 shows the comparison of 1T4R with different antenna switching methods in the aspects 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, 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) is a good solution to support inter-/intra-slot switching. In this aspect, we propose:
Proposal 2: For 1T4R antenna switching within an active BWP of a component carrier, NR supports joint transmission of intra- and inter-slot antenna switching composed of 2 SRS resources within intra-slot and other 2 SRS resources over inter-slot.
Table 2 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


The following table provides the corresponding text proposal for Proposal 2:
	Text proposal for Proposal 2:
In TS 38.214 [5], 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,
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.
When SRS resource set with two SRS resources is configured for UE antenna switching, The UE is configured with intra-slot antenna switching when the high layer parameter switchingMode is set to “IntraSlot”, the UE is configured with inter-slot antenna switching when the high layer parameter switchingMode is set to “InterSlot”.
When SRS resource set with four SRS resources is configured for UE antenna switching, a UE transmit two SRS resource within intra-slot and other 2 SRS resources over inter-slot.
…


Conclusions
This contribution discusses on issues for SRS maintenance and proposes the followings depending on the discussion:
Proposal 1: Aperiodic SRS offset is configurable by RRC on a per SRS resource set basis and the offset value X is measured in slots
· For inter-slot antenna switching, one slot offset between SRS resources can be assumed implicitly. 
Proposal 2: For 1T4R antenna switching within an active BWP of a component carrier, NR supports joint transmission of intra- and inter-slot antenna switching composed of 2 SRS resources within intra-slot and other 2 SRS resources over inter-slot.
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