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1 Introduction

In RAN#79 meeting, the updated NR specifications after RAN1#92 meeting were endorsed. It was also agreed that RAN1 shall continue to focus on stabilizing the current Rel-15 NR specifications in RAN1#92bis and RAN1#93 meetings because there are still some remaining issues to be solved. We provide our proposals and TPs on SRS related remaining issues in this contribution.
2 SRS related issues
2.1 The transmission comb of SRS port
In RAN1 #92bis meeting, a working assumption was confirmed that NR supports the case that different ports of one 4-port SRS resource have different comb offsets for comb 2 and 4, and it was captured in TS 38.211 [1]. It means that the orthogonality among SRS ports of one UE can be achieved by different cyclic shifts and/or different transmission comb offsets. However, in the section 6.2.1.1 of TS 38.214 [2], there is a description that when frequency hopping within an SRS resource in each slot is not configured (R=Ns), all antenna ports of the SRS resource in each slot are mapped in each of the 
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 symbols to the same set of subcarriers in the same set of PRBs. Therefore, there is ambiguous description between TS 38.211 and TS 38.214. 
TP1：The text in {38.214：6.2.1.1
UE SRS frequency hopping procedure }

	A UE may be configured to transmit an SRS resource on 
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 adjacent symbols within the last six symbols of a slot, where all antenna ports of the SRS resource are mapped to each symbol of the resource. For a given SRS resource, the UE is configured with repetition factor R∈{1,2,4} by higher layer parameter resourceMapping in SRS-Resource where R≤Ns. When frequency hopping within an SRS resource in each slot is not configured (R=Ns), all antenna ports of the SRS resource in each slot are mapped in each of the 
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 symbols to the subcarriers in the same set of PRBs. When frequency hopping within as SRS resource in each slot is configured without repetition (R=1), according to the SRS hopping parameters 
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defined in Subclause 6.4.1.4 of [4, TS 38.211], all antenna ports of the SRS resource in each slot are mapped to different sets of subcarriers in each OFDM symbol, where the same transmission comb value is assumed for different sets of subcarriers. When both frequency hopping and repetition within an SRS resource in each slot are configured (Ns=4, R=2), all antenna ports of the SRS resource in each slot are mapped to the subcarriers in the same set of PRBs within each pair of R adjacent OFDM symbols, and frequency hopping across the two pairs is according to the SRS hopping parameters 
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A UE may be configured 
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 adjacent symbol aperiodic SRS resource with intra-slot frequency hopping within a bandwidth part, where the full hopping bandwidth is sounded with an equal-size subband across 
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 symbols when frequency hopping is configured with R=1. A UE may be configured 
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 adjacent symbols aperiodic SRS resource with intra-slot frequency hopping within a bandwidth part, where the full hopping bandwidth is sounded with an equal-size subband across two pairs of R adjacent OFDM symbols, when frequency hopping is configured with R=2. All antenna ports of the SRS resource are mapped to the subcarriers in the same set of PRBs within each pair of R adjacent OFDM symbols of the resource.

A UE may be configured
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 symbol periodic or semi-persistent SRS resource with inter-slot hopping within a bandwidth part, where the SRS resource occupies the same symbol location in each slot. A UE may be configured
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 symbol periodic or semi-persistent SRS resource with intra-slot and inter-slot hopping within a bandwidth part, where the N-symbol SRS resource occupies the same symbol location(s) in each slot. For Ns=4, when frequency hopping is configured with R=2, intra-slot and inter-slot hopping is supported with all antenna ports of the SRS resource mapped to different sets of subcarriers across two pairs of R adjacent OFDM symbol(s) of the resource in each slot. All antenna ports of the SRS resource are mapped to the subcarriers in the same set of PRBs within each pair of R adjacent OFDM symbols of the resource in each slot. For Ns= R, when frequency hopping is configured, inter-slot frequency hopping is supported with all antenna ports of the SRS resource mapped to the subcarriers in the same set of PRBs in R adjacent OFDM symbol(s) of the resource in each slot.


2.2 UE antenna switching for aperiodic SRS
For sounding different antenna ports, RAN4 has agreed that antenna switching time is 15 us. It means that the guard period of two SRS transmission for antenna switching should occupy at least one OFDM symbol. Considering that at most 6 symbols can be configured to UE in one slot, 1T4R antenna switching for aperiodic SRS cannot be achieved within one slot because of insufficient resources for guard period. In RAN1 #92bis meeting, it was agreed that 1T4R antenna switching for SRS transmission is supported by 2 aperiodic SRS resource sets. For the DCI triggering, there are two alternatives as following.

Alternative 1: triggered by one DCI

Two aperiodic SRS resource sets are triggered by only one DCI. Since two slot offsets are configured, it is difficult to ensure that uplink symbols are available according to these two slot offsets. To overcome this problem, it can be specified that the second slot offset configured by gNB can be ignored by UE if corresponding uplink symbols are not available, UE should assume that the actual slot according to second SRS resource set is the next slot which contains available UL symbols.

Alternative 2: triggered by two DCI

Two aperiodic SRS resource sets are triggered by two DCI independently. The problem mentioned above can be avoided, but the time interval between two DCI will be long if several consecutive uplink slots exit after first DCI, which will result in low accuracy of channel estimation. Furthermore, DCI overhead is increased.
Base on above discussion, two aperiodic SRS resource sets triggered by only one DCI is preferred. 

Proposal 1: For 1T4R antenna switching for SRS transmission, two aperiodic SRS resource sets triggered by only one DCI is preferred. 
In addition, gNB should also ensure a proper gap between PUSCH/PUCCH transmission and the SRS resource if they use different antennas. As shown in Figure 1 for 1T4R, Y symbol gap should be ensured between PUSCH/PUCCH in slot 2 and the third SRS resource if antenna port 1 is assumed for PUSCH/PUCCH transmission as that in slot 1. Furthermore, if slot 1 and slot 2 are adjacent slots, the Y symbol gap should also be guaranteed between the second SRS resource and PUSCH/PUCCH in slot 2.  
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Fig.1 Cross-slot antenna switching for 1T4R with PUSCH/PUCCH

From Fig.1 we can observe that no gap is needed between the first SRS resource and PUSCH/PUCCH if the same antenna is used for them, but it cannot ensure that the same antenna is used for the other SRS resources, so it will be better to reserve guard period between SRS resources except the first one and PUSCH/PUCCH.

Proposal 2: Except for the first SRS resource in the SRS resource set, UE is not expected to transmit any other signal in the Y-symbol guard period between any other SRS resource and PUSCH/PUCCH transmission.  
TP2：The text in {38.214：6.2.1.2
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, and where the SRS port of the second resource is associated with a different UE antenna port than the SRS port of the first resource or

-
SRS resource set with two SRS resources transmitted in different symbols, each SRS resource consisting of two SRS ports, and where the SRS port pair of the second resource is associated with a different UE antenna port pair than the SRS port pair of the first resource, or

-
SRS resource set configured with higher layer parameter resourceType in SRS-ResourceSet set to ‘periodic’ or ‘semi-persistent’ with four SRS resources transmitted in different symbols, each SRS resource consisting of a single SRS port, and where the SRS port of each resource is associated with a different UE antenna port, 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, 
-
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. Except for the first SRS resource in the SRS resource set, the UE is not expected to transmit any other signal in the Y-symbol guard period between any other SRS resource and PUSCH/PUCCH transmission.  
The value of Y is defined by Table 6.2.1.2-1.

Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
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2.3 Configuring more than one SRS triggering state for one SRS resource set
Only one SRS triggering state is configured by RRC per SRS resource set in the current NR specification 38.331 [3] as shown in following. 
SRS-ResourceSet ::= 




SEQUENCE {


srs-ResourceSetId





SRS-ResourceSetId,


srs-ResourceIdList





SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-ResourceId

OPTIONAL,
-- Cond Setup


resourceType






CHOICE {



aperiodic







SEQUENCE {




aperiodicSRS-ResourceTrigger


INTEGER (0..maxNrofSRS-TriggerStates-1),



csi-RS








NZP-CSI-RS-ResourceId










OPTIONAL, 
-- Cond NonCodebook




slotOffset







INTEGER (1..8)












OPTIONAL,
-- Need S




...



},



semi-persistent






SEQUENCE {




associatedCSI-RS





NZP-CSI-RS-ResourceId










OPTIONAL, -- Cond NonCodebook




...



},



periodic







SEQUENCE {




associatedCSI-RS





NZP-CSI-RS-ResourceId










OPTIONAL, -- Cond NonCodebook




...



}


},


usage








ENUMERATED {beamManagement, codebook, nonCodebook, antennaSwitching},


alpha








Alpha
















OPTIONAL, -- Need S


p0









INTEGER (-202..24)













OPTIONAL, -- Cond Setup


pathlossReferenceRS





CHOICE {



ssb-Index







SSB-Index,



csi-RS-Index






NZP-CSI-RS-ResourceId


}



























OPTIONAL, -- Need M


srs-PowerControlAdjustmentStates

ENUMERATED { sameAsFci2, separateClosedLoop}






OPTIONAL, -- Need S


...

}
To improve the flexibility for triggering aperiodic SRS resource set, as shown in Fig.2, more than one SRS triggering state can be configured for one SRS resource set. 
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Fig.2 Illustration of more than one SRS triggering state configured for one SRS resource set
Proposal 3: Up to maxNrofSRS-TriggerStates-1 SRS triggering states can be configured for one SRS resource set.

· As part of LS sent to RAN2 
3 Conclusion

In this contribution, we provide some TPs and proposals on SRS related issue to the current NR specifications and we have the following proposals:

Proposal 1: For 1T4R antenna switching for SRS transmission, two aperiodic SRS resource sets triggered by only one DCI is preferred. 
Proposal 2: Except for the first SRS resource in the SRS resource set, UE is not expected to transmit any other signal in the Y-symbol guard period between any other SRS resource and PUSCH/PUCCH transmission.
Proposal 3: Up to maxNrofSRS-TriggerStates-1 SRS triggering states can be configured for one SRS resource set.

· As part of LS sent to RAN2 
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