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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the last meeting [1], some detailed issues for SRS have been discussed. However, there are still some remaining issues for SRS according to current version of TS, i.e., TS 38.211 f10 [2], TS 38.212 f10 [3] and TS 38.214 f10 [4]. In this contribution, we provide the summary of remaining details of SRS design. 
[bookmark: _Ref129681832]Discussions of Remaining Issues in Rel-15
Discussions on SRS antenna switching and Text Proposal on Rel.15 TS 38.214 v15.1.0 Section 6.2.1.2
In RAN1#92bis [1], the antenna switching for 1T1R, 2T2R and 4T4R is agreed. Moreover, aperiodic SRS antenna switching for 1T4R is supported by two SRS resources. However, the number of SRS resource sets for other cases is still FFS.
For example, for UE with 2T4R, a periodic SRS resource set can be utilized for sounding full DL channel on full DL bandwidth by antenna switching and frequency hopping. On the other hand, gNB may configure an aperiodic SRS resource for full DL channel sounding on partial DL bandwidth without frequency hopping.  gNB can obtain the full bandwidth DL channel in a long period (e.g., tens of slots) by the periodic SRS resource set, and it may also get the partial bandwidth DL channel within one slot. Similar to multiple CSI-RS resources, multiple SRS resource sets used for antenna switching can be used jointly and flexibly for DL CSI acquisition, up to NW implementation.  Otherwise, the use of SRS antenna switching will be restricted.
To support multiple SRS resource sets for antenna switching, UE ambiguity should be avoided. The UE understanding for different configuration are listed in Table 1.
Table 1 Configuration for SRS antenna switching and corresponding UE understanding
	SRS resource set configuration
	Periodic
	Semi-persistent
	Aperiodic

	2 SRS resources with 1 port each
	1T2R
	1T2R
	1T2R/1T4R

	4 SRS resources with 2 ports each
	2T4R
	2T4R
	2T4R

	4 SRS resources with 1 port each
	1T4R
	1T4R
	-

	1 SRS resource with 1 port
	1T1R
	1T1R
	1T1R

	1 SRS resource with 2 ports
	2T2R
	2T2R
	2T2R

	1 SRS resources with 4 ports
	4T4R
	4T4R
	4T4R



It can be found in Table 1 that UE ambiguity may happen only when the SRS resource set is configured containing 2 SRS resources with 1 port each. In particular, the following UE ambiguity should be avoided.
· A1: When UE is configured with more than 1 SRS resource set for antenna switching, and each SRS resource set contains 2 SRS resources with 1 port each, UE should determine whether they are used for 1T2R or 1T4R.
· A2: When UE is configured with more than 2 SRS resource sets for at least 1T4R antenna switching, and each SRS resource set contains 2 SRS resources with 1 port each, UE should determine which two sets are paired for 1T4R antenna switching.
Before transmitting SRS for antenna switching, UE will report it capability of supported SRS Tx port switching. Since UE will not support both 1T2R and 1T4R according to the candidate value range, A1 can be avoided based on UE reported capability. For A2, it can be avoided by limit the number of aperiodic SRS resource set for antenna switching by 2 for 1T4R. In particular, Table 1 can be updated as in Table 2 based on the restriction above with no ambiguity.
Table 2 Configuration for SRS antenna switching and corresponding UE understanding with restriction
	SRS resource set configuration
	Periodic
	Semi-persistent
	Aperiodic

	2 SRS resources with 1 port each
	1T2R
	1T2R
	1T2R(if UE reports the supported SRS Tx port switch as 1T2R)

	
	
	
	1T4R(if UE reports the supported SRS Tx port switch as 1T4R)

	4 SRS resources with 2 ports each
	2T4R
	2T4R
	2T4R

	4 SRS resources with 1 port each
	1T4R
	1T4R
	-

	1 SRS resource with 1 port
	1T1R
	1T1R
	1T1R

	1 SRS resource with 2 ports
	2T2R
	2T2R
	2T2R

	1 SRS resources with 4 ports
	4T4R
	4T4R
	4T4R



 Proposal 1: Support more than one SRS resource set with SRS-SetUse set as antennaSwitching except for 1T4R antenna switching with resourceType set as aperiodic.
In TS 38.214 [4], it is defined that when UE antenna switching is enabled by the higher layer parameter SRS-SetUse set as ‘antenna switching’ for a SRS resource set, the UE can be configured with two or four SRS resources within the resource set, and the SRS ports for each resource are associated with different UE antenna ports or UE antenna pair. However, the detailed relation between SRS port and UE antenna port is not defined. 
In order to guarantee DL CSI acquisition based on SRS antenna switching, UE should at least keep the same association between SRS ports of each SRS resource and UE antenna ports during the transmission of the SRS resource set. Therefore, gNB can perform joint channel estimation over several periods to improve the performance of DL CSI acquisition.
Proposal 2: For SRS antenna switching, the association between SRS ports of the SRS resource set and UE antenna ports shall not change among bursts of SRS transmissions once SRS resources are configured. 
	Text proposals for TS 38.214 v15.1.0 (R1-1805796) Section 6.2.1.2
< Unchanged parts are omitted >
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:
-	One or more SRS resource set with two SRS resources each transmitted in different symbols, each SRS resource in an SRS resource set consisting of a single SRS port, and where the SRS port of the second resource in the same SRS resource set is associated with a different UE antenna port than the SRS port of the first resource or
-	One or more SRS resource set with two SRS resources each transmitted in different symbols, each SRS resource in an SRS resource set consisting of two SRS ports, and where the SRS port pair of the second resource in the same SRS resource set is associated with a different UE antenna port pair than the SRS port pair of the first resource, or	
-	One or more SRS resource set configured with higher layer parameter resourceType in SRS-ResourceSet set to ‘periodic’ or ‘semi-persistent’ with four SRS resources each transmitted in different symbols, each SRS resource in an SRS resource set consisting of a single SRS port, and where the SRS port of each resource in the same SRS resource set is associated with a different UE antenna port, and/or
-	 two SRS resource sets configured with higher layer parameter resourceType in SRS-ResourceSet set to ‘aperiodic’ with a total of four SRS resources transmitted in different symbols of two different slots, and where the SRS port of each SRS resource is associated with a different UE antenna port. The two sets are each configured with two SRS resources, or one set is configured with one SRS resource and the other set is configured with three SRS resources. The UE shall expect that the two sets are both configured with the same values of the higher layer parameters alpha, p0, pathlossReferenceRS, and srs-PowerControlAdjustmentStates in SRS-ResourceSet. Or, 
-	One or more SRS resource set with one SRS resource, where the number of SRS ports is equal to 1, 2, or 4
and a guard period of Y symbols, where the UE does not transmit any other signal, is used in the case the SRS resource of a set are transmitted in the same slot. In this case, the guard period is in-between the SRS resources of the set. The association between SRS ports of the SRS resource set and UE antenna ports shall not change among bursts of SRS transmissions once SRS resources are configured.
< Unchanged parts are omitted >



Aperiodic SRS antenna switching for 1T4R is supported by two SRS resources. Therefore, there are two possible method to trigger the two SRS resource sets.
· [bookmark: _Hlk493885834]Single-DCI trigger: In this method, two SRS resource sets are configured with the same higher layer parameter aperiodicSRS-ResourceTrigger and therefore the two SRS resource sets can be triggered by a single DCI.
· Two-DCI trigger: In this method, two SRS resource sets are configured with different same higher layer parameter aperiodicSRS-ResourceTrigger.
However, for single-DCI trigger, the slot offset between two SRS resource set is equal to the difference value of the slotOffset configured for each set, and therefore no greater than 8. If the slot offset of two adjacent UL slot is larger than 8, e.g., 10 slots, single-DCI trigger cannot be used. Thus, two-DCI trigger for 1T4R antenna switching should also be supported to mitigate the impact of RRC and increase the flexibility of triggering mechanism due to dynamic TDD. From the RRC configuration perspective, UE ambiguity can be avoided since 1T2R and 1T4R cannot be supported by the UE at the same time based on UE capability. Moreover only two aperiodic SRS resource sets each of which have two one-port SRS resources can be configured for the UE in the case of 1T4R.    
Proposal 3: NR support to trigger the two SRS resource sets for aperiodic 1T4R antenna switching separately by two DCI triggers.

Discussions on SRS collision and Text Proposal on Rel.15 TS 38.214 v15.1.0 Section 6.2.1
In TS 38.214 [4], the collision between SRS and PUCCH is specified. For SRS resource collision, if the two SRS resources belong to the same SRS resource set, simultaneous transmission in the same symbol is not allowed if the SRS-SetUse is set as antennaSwitching or beamManagement. Moreover, if the SRS-SetUse is configured as nonCodebook, simultaneous transmission in the same symbol is allowed.   However, the collision between two SRS resources belonging to different SRS resource sets in the same symbol is not considered in TS 38.214 f10. 
It has already been agreed that two SRS resource sets for beam management can be transmitted simultaneously. However, due to the association between UE antenna port and SRS resource/SRS port is not specified for antenna switching, simultaneous transmission of SRS resources belonging to different SRS resource for antenna switching should not be allowed. Moreover, since there is only one SRS resource set for CB or NCB, it is not necessary to consider the collision between two SRS resource sets for CB or NCB. 
For the case that two SRS resources belongs to SRS resources with different SRS-SetUse, it is still not clear whether the two SRS resources can be transmitted on the same symbol. 
For the UE with the same transmission and reception antennas, i.e., nTnR, UE can use all of the antennas for SRS transmission, and therefore there is no antenna collision for the two SRS resources. However, if different analog beamformers are utilized for the two SRS resources, simultaneous transmission is not allowed. Hence, analog beam collision may happen in this case.
For the UE with 1T2R, 2T4R or 1T4R, since the association between UE antenna ports and SRS resources/ports is not specified, gNB does not know whether the two SRS resources are associated with the same antenna(s) or not. Thus, both antenna collision and analog beam collision may happen between the two SRS resources.
If the solution for C1 is not specified, UE may transmit both of the two SRS resources or drop one of them, which is unknown by gNB. If gNB assumes both of the two resources are transmitted, UE can only transmit one of them (e.g., SRS resource 1). Therefore the resource of another SRS (e.g., SRS resource 2) is wasted and gNB will consider the channel measured on SRS resource 2 is poor. This will lead to wrong decision if SRS is used for BM (may miss the best beam), CB/NCB(may lead to undervalued rank), Antenna switching (mistake on combined DL full CSI). On the other hand, if gNB assumes one of the two resources is transmitted, is does not know which is transmitted. Moreover, the UE may transmit both of them.
In order to simplify the specification of R15, we prefer the following rules for two SRS resources belonging to different SRS resource sets based on the discussion above:
· R1: If the two SRS resources belong to two SRS resource sets with SRS-SetUse set to “antennaSwitching”, simultaneous transmission of two SRS resources on the same symbol is not allowed.
·  R2: If the two SRS resources belong to two SRS resource sets with different values of SRS-SetUse, simultaneous transmission of two SRS resources on the same symbol is not allowed.
Proposal 4: Simultaneous transmission over the same symbol for two SRS resources contained in different two SRS resource sets is not allowed, if
· SRS-SetUse of the two SRS resource sets are set as antennaSwitching, or
· SRS-SetUse of the two SRS resource sets are configured different.
	Text proposals for TS 38.214 v15.1.0 (R1-1805796) Section 6.2.1
< Unchanged parts are omitted >
[bookmark: _Hlk498636457][bookmark: _Hlk498636712][bookmark: _Hlk498515857][bookmark: _Hlk498108449]For PUCCH formats 0 and 2, a UE shall not transmit SRS when semi-persistent and periodic SRS are configured in the same symbol(s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s) or if aperiodic SRS is configured and PUCCH consists of beam failure request. A UE shall not transmit SRS when semi-persistent or periodic SRS is configured or aperiodic SRS is triggered to be transmitted in the same symbol(s) with PUCCH carrying HARQ-ACK.  In the case that SRS is not transmitted due to overlap with PUCCH, only the SRS symbol(s) that overlap with PUCCH symbol(s) are dropped. PUCCH shall not be transmitted when aperiodic SRS is triggered to be transmitted to overlap in the same symbol with semi-persistent or periodic PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only. 
A UE is not expected to be configured with aperiodic SRS and PUCCH formats 0 or 2 with aperiodic CSI report in the same symbol. 
A UE is not expected to be configured with SRS and PUSCH/UL DM-RS/UL PT-RS/PUCCH formats 1, 3 or 4 in the same symbol.
A UE shall not transmit simultaneously SRS resource(s) and PRACH. If SRS and PRACH would occur on overlapping OFDM symbol(s), SRS is not transmitted on the overlapping symbol(s).
A UE is not expected to be configured with SRS resources in the same symbol if the SRS resources belong to different SRS resource sets configured with higher layer parameter SRS-SetUse set to antennaSwitching.
A UE is not expected to be configured with SRS resources in the same symbol if the SRS resources belong to different SRS resource sets configured with higher layer parameter SRS-SetUse set to different values.
< Unchanged parts are omitted >



Conclusions
Based the discussions above, we have the following proposals:
Proposal 1: Support more than one SRS resource set with SRS-SetUse set as antennaSwitching except for 1T4R antenna switching with resourceType set as aperiodic.
Proposal 2: For SRS antenna switching, the association between SRS ports of the SRS resource set and UE antenna ports shall not change among bursts of SRS transmissions once SRS resources are configured. 
Proposal 3: NR support to trigger the two SRS resource sets for aperiodic 1T4R antenna switching separately by two DCI triggers.
Proposal 4: Simultaneous transmission over the same symbol for two SRS resources contained in different two SRS resource sets is not allowed, if
· SRS-SetUse of the two SRS resource sets are set as antennaSwitching, or
· SRS-SetUse of the two SRS resource sets are configured different.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _GoBack]Chairman’s notes, RAN#92bis, Apr. 2018. 
3GPP TS 38.211 f10: “NR; Physical channels and modulation”.
3GPP TS 38.212 f10: “NR; Multiplexing and channel coding”.
3GPP TS 38.214 f10: “NR; Physical layer procedures for data”.

