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1. Introduction
In RAN1#92bis meeting[1], the following agreement regarding 1T4R antenna switching with AP-SRS was achieved. However, there are still some FFSs that need to be addressed.
Agreement 
· 1T4R antenna switching for SRS transmission is supported by 2 aperiodic SRS resource sets 

· two aperiodic SRS resource sets with total four SRS resources transmitted in different symbols of two different slots, 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

· each of the two SRS resource sets consists of two SRS resources, or one SRS resource set consists of a single SRS resource and the other SRS resource set consists of three SRS resources

· the UE shall expect the same value for the higher layer parameters alpha-srs, p0-srs, srs-pathlossReference-rs-config and srs-pcadjustment-state-config in the two SRS resource sets

· FFS: On UE ambiguity if two DCI triggers separately triggers two SRS resource sets

· FFS: The gap before or after any SRS resource set for antenna switching

· FFS: The number of SRS resource sets for other cases

In this contribution, the remaining issues on 1T4R antenna switching with AP-SRS and some other remaining issues on SRS are further discussed.
2. Discussion on 1T4R antenna switching with AP-SRS
In NR, a SRS resource set can be used for beam management, codebook/non-codebook transmission or antenna switching, which can be distinguished by higher layer parameter usage in SRS-ResourceSet. A SRS resource set may have one of the three kinds of time domain behaviors: periodic, semi-persistent or aperiodic. It has been agreed that for beam management a UE can be configured with one or more SRS resource sets, and for codebook/non-codebook transmission a UE can only be configured with one SRS resource set.  However, there might be some ambiguity on the maximum number of SRS resource sets used for antenna switching. Some companies think that only one SRS resource set is enough for antenna switching, while some other companies think that the restriction by assuming single SRS resource set per antenna switching case will limit the system flexibility. For example, a periodic SRS resource set can be used to sound full DL channel and full DL bandwidth by switching antennas and frequency hopping, but it may take tens of slots to do so depending on DL bandwidth. On the another hand, aperiodic SRS resource set(s) can be used to sound DL channel for a partial BW by switching antenna with or without frequency hopping.
In the last RAN1 meeting, it has been agreed that 1T4R antenna switching with AP-SRS transmission is supported by two aperiodic SRS resource sets in order to flexibly support different TDD frame structures. On the other hand, 1T2R/2T4R antenna switching with P/SP/AP-SRS transmission or 1T4R with P/SP-SRS transmission is supported by one SRS resource set. In order to let a UE clearly know that which kind of antenna switching (e.g., 1T2R/2T4R/1T4R) a SRS resource set is used to without ambiguity, a simple way is that only one aperiodic SRS resource set shall be configured for 1T2R or 2T4R antenna switching with AP-SRS transmission, while only two aperiodic SRS resource sets shall be configured for 1T4R antenna switching with AP-SRS transmission. That is to say, a UE can use the number of configured aperiodic SRS resource sets with higher layer parameter usage set to “antenna switching” in SRS-ResourceSet to distinguish which kind of antenna switching (e.g., 1T2R/2T4R/1T4R) the aperiodic SRS resource set(s) are applied to.
Proposal 1: For 1T2R or 2T4R antenna switching with AP-SRS transmission, only one aperiodic SRS resource set shall be configured for a UE. For 1T4R antenna switching with AP-SRS transmission, only two aperiodic SRS resource sets shall be configured for a UE.
Theoretically, for 1T4R antenna switching with AP-SRS, the two aperiodic SRS resource sets can be triggered by the SRS request field in one single DCI or two different DCIs upon gNB’s decision. If the two aperiodic SRS resource sets are configured with the same value of the higher layer parameter aperiodicSRS-ResourceTrigger and different values of the higher layer parameters slotoffset, they will be triggered by a single DCI. If the two aperiodic SRS resource sets are configured with the different values of the higher layer parameter aperiodicSRS-ResourceTrigger, they need to be triggered by two different DCIs separately. However, in the last RAN1 meeting, some companies raised that there might be some ambiguity for UE if two DCIs separately trigger the two SRS resource sets and there is no limitation on the time interval between the two SRS resource sets. One simple way to avoid the possible ambiguity is that the two aperiodic SRS resource sets for 1T4R antenna switching can only be allowed to be triggered by one single DCI, which means that the UE shall expect that the two SRS resource sets for 1T4R antenna switching are both configured with the same value of the higher layer parameter aperiodicSRS-ResourceTrigger and with different values of the higher layer parameters slotoffset.
Proposal 2: The two aperiodic SRS resource sets for 1T4R antenna switching can only be allowed to be triggered by one single DCI, which means that the UE shall expect that the two SRS resource sets for 1T4R antenna switching are both configured with the same value of the higher layer parameter aperiodicSRS-ResourceTrigger and with different values of the higher layer parameters slotoffset.
Based on the above consideration, the following text proposal is provided for subclause 6.2.1.2 of TS38.214 (R1-1805796)[3].
-------------------------------------------------------Start text proposal-----------------------------------------------
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:

-
one or more SRS resources 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, and only one SRS resource set can be configured with the higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic', or
-
one or more SRS resource sets 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, and only one SRS resource set can be configured with the higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic', or


-
one or more SRS resource sets 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. The two sets shall be triggered by the same DCI trigger, and the UE shall expect that the two sets are both configured with the same value of the higher layer parameter aperiodicSRS-ResourceTrigger and with different values of the higher layer parameter slotoffset. 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 only one SRS resource set can be configured with the higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic'.
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.

…
--------------------------------------------------------End text proposal----------------------------------------------
Proposal 3: Adopt the text proposal for UE antenna switching in subclause 6.2.1.2 of TS38.214.
3. Other remaining issues on SRS
In RAN1 #92, the following was agreed regarding non-codebook based transmission [2]:

Agreement:
· A UE should not be expected to be configured with both SRS-SpatialRelationInfo for SRS resource and SRS-AssocCSIRS for SRS resource set for non-codebook based transmission.

In subclause 6.1.1.2 of the latest TS38.214 (R1-1805796)[3], the above agreement has been reflected as “For non-codebook based transmission, the UE does not expect to be configured with both spatialRelationInfo for SRS resource and associatedCSI-RS in SRS-Config for SRS resource set”. However, in the current TS38.331, the higher layer parameter csi-RS instead of associatedCSI-RS is configured for aperiodic SRS set, while the higher layer parameter associatedCSI-RS is configured only for periodic and semi-persistent SRS set. In our understanding, the above agreement should also be applied to aperiodic SRS set for non-codebook based transmission. Therefore, we propose to change the higher layer parameter csi-RS in SRS-ResourceSet to associatedCSI-RS for aperiodic SRS set in order to align with the above agreement. The text proposal is as following:

-------------------------------------------------------Start text proposal-----------------------------------------------

SRS-ResourceSet ::= 




SEQUENCE {


-- The ID of this resource set. It is unique in the context of the BWP in which the parent SRS-Config is defined.


srs-ResourceSetId





SRS-ResourceSetId,


-- The IDs of the SRS-Reosurces used in this SRS-ResourceSet


srs-ResourceIdList





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

OPTIONAL,
-- Cond Setup


resourceType






CHOICE {



aperiodic







SEQUENCE {




-- The DCI "code point" upon which the UE shall transmit SRS according to this SRS resource set configuration.




-- Corresponds to L1 parameter 'AperiodicSRS-ResourceTrigger' (see 38.214, section 6.1.1.2)




aperiodicSRS-ResourceTrigger


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




-- ID of CSI-RS resource associated with this SRS resource set in non-codebook based operation. 




-- Corresponds to L1 parameter 'SRS-AssocCSIRS' (see 38.214, section 6.2.1)



associatedCSI-RS








NZP-CSI-RS-ResourceId,




-- An offset in number of slots between the triggering DCI and the actual transmission of this SRS-ResourceSet.




-- If the field is absent the UE applies no offset (value 0)




slotOffset







INTEGER (1..8)












OPTIONAL,
-- Need S




...



},



semi-persistent






SEQUENCE {




-- ID of CSI-RS resource associated with this SRS resource set in non-codebook based operation.




-- Corresponds to L1 parameter 'SRS-AssocCSIRS' (see 38.214, section 6.2.1)




associatedCSI-RS

NZP-CSI-RS-ResourceId














OPTIONAL, -- Cond nonCodebook




...



},



periodic







SEQUENCE {




-- ID of CSI-RS resource associated with this SRS resource set in non-codebook based operation.




-- Corresponds to L1 parameter 'SRS-AssocCSIRS' (see 38.214, section 6.2.1)




associatedCSI-RS

NZP-CSI-RS-ResourceId














OPTIONAL, -- Cond nonCodebook




...



}


},

--------------------------------------------------------End text proposal----------------------------------------------
Proposal 4: Change the higher layer parameter csi-RS in SRS-ResourceSet in TS38.331 to associatedCSI-RS for aperiodic SRS set.
4. Conclusions
In this contribution, the remaining issues on SRS are discussed, and the following proposals are proposed:
Proposal 1: For 1T2R or 2T4R antenna switching with AP-SRS transmission, only one aperiodic SRS resource set shall be configured for a UE. For 1T4R antenna switching with AP-SRS transmission, only two aperiodic SRS resource sets shall be configured for a UE.

Proposal 2: The two aperiodic SRS resource sets for 1T4R antenna switching can only be allowed to be triggered by one single DCI, which means that the UE shall expect that the two SRS resource sets for 1T4R antenna switching are both configured with the same value of the higher layer parameter aperiodicSRS-ResourceTrigger and with different values of the higher layer parameters slotoffset.
Proposal 3: Adopt the above text proposal for UE antenna switching in subclause 6.2.1.2 of TS38.214.

-------------------------------------------------------Start text proposal-----------------------------------------------
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:

-
one or more SRS resources 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, and only one SRS resource set can be configured with the higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic', or
-
one or more SRS resource sets 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, and only one SRS resource set can be configured with the higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic', or


-
one or more SRS resource sets 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. The two sets shall be triggered by the same DCI trigger, and the UE shall expect that the two sets are both configured with the same value of the higher layer parameter aperiodicSRS-ResourceTrigger and with different values of the higher layer parameter slotoffset. 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 only one SRS resource set can be configured with the higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic'.
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.

…
--------------------------------------------------------End text proposal----------------------------------------------
Proposal 4: Change the higher layer parameter csi-RS in SRS-ResourceSet in TS38.331 to associatedCSI-RS for aperiodic SRS set.
5. References
[1] RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #92bis
[2] RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #92
[3] R1-1805796 CR to 38.214 capturing the RAN1#92bis meeting agreements
