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1. Introduction

In Rel-15 specification, the gNB can only configured SRS resources used for antenna switching strictly based on UE capability reporting, which forbids the implementation flexibility of gNB to configure SRS resources with downgrading configuration to reduce the potential high overhead of SRS resources. The TEI tdoc [1] was submitted in RAN1#98bis to address the issue. However, no agreement was made due to the lack of consensus in the last meeting.

After RAN1#98bis, there was an email thread to continue discussing the issue and potential solution in NR reflector. The following three alternatives was identified and discussed 

· Alt.1: Based on the reporting of UE capability (Same as the proposal in OPPO’s tdoc [1])

· Alt.2: Change TS 38.214 to allow gNB to support additional configuration

· one new UE capability is introduced to support reduced SRS configuration

· Alt.3: Allow UE report sequence from {t1r2, t1r4, t2r4, t1r4-t2r4, t1r1, t2r2} per band per band combination in Rel-16 UE capability signalling. No RAN1 spec impact. 

Based on the comments and feedback received so far, we have the following summary:

· Alt.1 and the corresponding TP
· Supported by 19 companies (OPPO, CMCC, ZTE, Nokia, Nokia Shanghai Bell, APT, AT&T, Xiaomi, Spreadtrum Communications, Huawei, HiSilicon, Ericsson, Qualcomm, Samsung, Lenovo, MediaTek, China Telecom, Apple, CATT)

· Alt.2 and the corresponding TP
· Supported by 1 company (vivo)

· Alt.3 
· Supported by 1 company (Intel)

vivo can also accept Alternative 1 and the corresponding TP as a compromise for better progress. Following the majority view, we propose Alt.1 and the corresponding TP to support downgrading configuration of SRS for antenna switching.  
2. Proposal and TP
Proposal: For the UE sounding procedure for DL CSI acquisition, Rel-16 supports the following UE capabilities in additional to Rel-15 UE capabilities

· t1r1-t1r2  

· t1r1-t1r2-t1r4

· t1r1-t1r2-t2r2-t2r4

· t1r1-t2r2

· t1r1-t2r2-t4r4

For the above proposal, some modifications marked in RED are needed for TS 38.214:

------------------------------------------------------ TS 38.214 ---------------------------------------------------------------

6.2.1.2
UE sounding procedure for DL CSI acquisition
When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set as 'antennaSwitching', the UE may be configured with one of the following configurations depending on the indicated UE capability supportedSRS-TxPortSwitch ('t1r2' for 1T2R, 't1r1-t1r2' for 1T=1R/1T2R, 't2r4' for 2T4R, 't1r4' for 1T4R, 't1r1-t1r2-t1r4' for 1T=1R/1T2R/1T4R, 't1r4-t2r4' for 1T4R/2T4R, 't1r1-t1r2-t2r2-t2r4' for 1T=1R/1T2R/2T=2R/2T4R, 't1r1' for 1T=1R, 't2r2' for 2T=2R, 't1r1-t2r2' for 1T=1R/2T=2R, or 't4r4' for 4T=4R, 't1r1-t2r2-t4r4' for 1T=1R/2T=2R/4T=4R):

-
For 1T2R, up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the SRS port of the second resource in the set is associated with a different UE antenna port than the SRS port of the first resource in the same set, or

-
For 2T4R, up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each SRS resource set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of two SRS ports, and 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

-
For 1T4R, zero or one 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 in a given set consisting of a single SRS port, and the SRS port of each resource is associated with a different UE antenna port, and
-
For 1T4R, zero or two SRS resource sets each configured with higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic' and with a total of four SRS resources transmitted in different symbols of two different slots, and where the SRS port of each SRS resource in given two sets 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 UE shall expect that the value(s) of the higher layer parameter aperiodicSRS-ResourceTrigger in each SRS-ResourceSet are the same, and the value of the higher layer parameter slotOffset in each SRS-ResourceSet is different. Or, 
-
For 1T=1R, or 2T=2R, or 4T=4R, up to two SRS resource sets each with one SRS resource, where the number of SRS ports for each resource is equal to 1, 2, or 4.
The UE is configured with a guard period of Y symbols, in which the UE does not transmit any other signal, in the case the SRS resources of a set are transmitted in the same slot. The guard period is in-between the SRS resources of the set.

If the indicated UE capability is 't1r4-t2r4', the The UE shall expect to be configured with the same number of SRS ports, either one or two, for all SRS resources in the SRS resource set(s) with higher layer parameter usage set as 'antennaSwitching'.
If the indicated UE capability is 't1r2', 't2r4', 't1r4', 't1r4-t2r4' For 1T2R, 1T4R or 2T4R, the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same slot. If the indicated UE capability is 't1r1', or 't2r2', or 't4r4' For 1T=1R, 2T=2R or 4T=4R, the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same symbol.

-----------------------------------------------------------   END    -----------------------------------------------------------------

3. Conclusion

In this contribution, we summarize the current status of the discussion on the TEI [1] and suggest to approve the proposal and corresponding TP in Section 2.
4. References

[1] R1-1911456, Enable gNB to configure downgrading configuration of SRS for antenna switching
5. Appendix: Output of the email discussion
5.1. How to formulate the solution

Based on the feedback from various companies, there two approaches to formulate the solution:

· Alternative 1: Based on the reporting of UE capability (Same as the proposal in OPPO’s tdoc R1-1911456 [1])

· Alternative 2: Change TS 38.214 to allow gNB to support additional configuration

· one new UE capability is introduced to support reduced SRS configuration
· Alternative 3: Allow UE report sequence from {t1r2, t1r4, t2r4, t1r4-t2r4, t1r1, t2r2} per band per band combination in Rel-16 UE capability signalling. No RAN1 spec impact. 

Based FL’s email discussion and the online comments, the support of each approach is as follows:

· Alternative 1: 19 companies

· OPPO, CMCC, ZTE, Nokia, Nokia Shanghai Bell, APT, AT&T, Xiaomi, Spreadtrum Communications, Huawei, HiSilicon, Ericsson, Qualcomm, Samsung, Lenovo, MediaTek, China Telecom, Apple, CATT
· Alternative 2: 1 company

· Vivo

· Alternative 3: 1 company

· Intel

Companies’ views are welcome

	Company
	View

	Samsung
	Either way is fine for us. In case that more flexibilities are required (for Rel-16 and for near future), we see some benefits from approach 2. Otherwise, we prefer to go with approach 1 given that it is stable already.

	HW
	Both Alt 1 and Alt 2 can work in general. We slightly prefer Alt 1.  Alt 2 has benefits of signaling cap reporting but it seems to lead to more RAN1 spec changes/maintenance. 

	ZTE
	We also prefer Alt 1. All the three alternatives need change on UE capability. Alt 2 will further have more impact on RAN1 specification. Alt 3 achieves similar function as Alt 1 from our understanding, but it will cause more possible combinations than Alt 1. We are not sure whether all the possible combinations are practical for real antenna structure.

	CATT
	We are fine with Alt 1.

	Intel
	Regarding Alt 1. 

Considering that UE should support Rel-15 UE capability signalling for antenna switching for backward compatibility purpose, we would like to better understand whether all combination proposed in Alt 1 are really necessarily. 

In particular the proposed Rel-16 xTyR can be supported by the combination of Rel-15 and Rel-16 capability signalling

· ‘t1r1-t1r2’ 
· Can be supported by Rel-15 ‘t1r2’ and Rel-16 ‘t1r1’ 

· ‘t1r1-t1r2-t1r4’

· Can be supported by Rel-15 ‘t1-r4’ and Rel-16 ‘t1r1-t1r2‘ 

· ‘t1r1-t1r2-t2r2-t2r4’

· Can be supported by Rel-15 ‘t1r4-t2r4’ and Rel-16 ‘t1r1-t1r2-t2r2‘ 

·  ‘t1r1-t2r2’

· Can be supported by Rel-15 ‘t2-r2’ and Rel-16 ‘t1r1‘ 

· ‘t1r1-t2r2-t4r4’

·  Can be supported by Rel-15 ‘t4r4’ and Rel-16 ‘t1r1-t2r2‘ 

We also agree with previous comment made by vivo that DL CSI acquisition for xT = yR can be also supported by SRS for codebook. We don’t see any issue to derive the correct precoder at gNB even the SRS antenna ports for codebook SRS are virtualized.


	OPPO
	Response to Intel’s comment

Alexei, I am trying to make sure I understand your comment/proposal regarding Alt.1 correctly. Please correct if I missed something.
The current IE for srs-TxSwtich is copied here,

BandParameters-v1540 ::=            SEQUENCE {
    srs-CarrierSwitch                   CHOICE {
        nr                                  SEQUENCE {

            srs-SwitchingTimesListNR            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF SRS-SwitchingTimeNR

        },

        eutra                               SEQUENCE {

            srs-SwitchingTimesListEUTRA         SEQUENCE (SIZE (1..maxSimultaneousBands)) OF SRS-SwitchingTimeEUTRA

        }

    }                                                                              OPTIONAL,

    srs-TxSwitch                    SEQUENCE {

        supportedSRS-TxPortSwitch       ENUMERATED {t1r2, t1r4, t2r4, t1r4-t2r4, t1r1, t2r2, t4r4, notSupported},

        txSwitchImpactToRx              INTEGER (1..32)                            OPTIONAL,

        txSwitchWithAnotherBand         INTEGER (1..32)                            OPTIONAL
    }                                                                              OPTIONAL
}

Rel-16 can introduce a similar IE as follows

BandParameters-v16xy ::=            SEQUENCE {
    srs-TxSwitch-v16xy                    SEQUENCE {
        supportedSRS-TxPortSwitch-v16xy       ENUMERATED {t1r1, t1r1-t1r2, t1r1-t1r2-t2r2, t1r1-t2r2}

    }                                                                              OPTIONAL
}

Since BandParameters-v1540 and BandParameters-v16xy can be reported at the same time, thus all the combinations in Alt.1 can be achieved by the proper choice of the values of supportedSRS-TxPortSwitch and supportedSRS-TxPortSwitch-v16xy.

In this solution, RAN1 spec only needs to specify the meaning of the 3 combinations t1r1-t1r2, t1r1-t1r2-t2r2 and t1r1-t2r2, rather than the five combinations in Alt.1.

Is the above solution what you said in the comment?  If yes, could you accept this solution as a compromise in case that other companies also support it?    



	Intel
	Response to OPPO‘s comment
Yes, your understanding of the proposal is correct. Our understanding that Rel-15 capability signalling already provides the “maximum” xTyR capability and Rel-16 (Alt 1) could provide additional “lower” xTyR cases UE can support.
We are also trying to understand why DL reciprocity based precoding for xT = yR cases can’t be supported by SRS for codebook. I saw some concerns has been raised by Ericsson (Mattias) that there could be some problems to derive the DL precoder based on SRS for codebook due to possible virtualization of SRS antenna ports? at the UE side, but we fail to understand this issue, i.e. why gNB precoder is different with and without SRS virtualization applied at the UE. May be Ericsson or other company sharing this concern can explain. 




5.2. Detailed solution of Alternative 1

 The solution is based on the tdoc R1-1911456 [1]. The proposal is the same as that in [1]:

Proposal: For the UE sounding procedure for DL CSI acquisition, Rel-16 supports the following UE capabilities in additional to Rel-15 UE capabilities

· t1r1-t1r2  

· t1r1-t1r2-t1r4

· t1r1-t1r2-t2r2-t2r4

· t1r1-t2r2

· t1r1-t2r2-t4r4

The corresponding TP is from [1] with two minor changes (marked by yellow) suggested by Samsung

· Correct a typo:  1T=1R/1t2r     ->    1T=1R/1T2R
· Add “with higher layer parameter usage set as 'antennaSwitching'” at the end of the 3rd paragraph to make it clear that the description is only for SRS used for DL CSI acquisition. 
· The reason is that for full power transmission, it is possible configure SRS resources with different number of ports in a set
------------------------------------------------------ TS 38.214 ---------------------------------------------------------------

6.2.1.2
UE sounding procedure for DL CSI acquisition
When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set as 'antennaSwitching', the UE may be configured with one of the following configurations depending on the indicated UE capability supportedSRS-TxPortSwitch ('t1r2' for 1T2R, 't1r1-t1r2' for 1T=1R/1T2R, 't2r4' for 2T4R, 't1r4' for 1T4R, 't1r1-t1r2-t1r4' for 1T=1R/1T2R/1T4R, 't1r4-t2r4' for 1T4R/2T4R, 't1r1-t1r2-t2r2-t2r4' for 1T=1R/1T2R/2T=2R/2T4R, 't1r1' for 1T=1R, 't2r2' for 2T=2R, 't1r1-t2r2' for 1T=1R/2T=2R, or 't4r4' for 4T=4R, 't1r1-t2r2-t4r4' for 1T=1R/2T=2R/4T=4R):

-
For 1T2R, up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the SRS port of the second resource in the set is associated with a different UE antenna port than the SRS port of the first resource in the same set, or

-
For 2T4R, up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each SRS resource set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of two SRS ports, and 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

-
For 1T4R, zero or one 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 in a given set consisting of a single SRS port, and the SRS port of each resource is associated with a different UE antenna port, and
-
For 1T4R, zero or two SRS resource sets each configured with higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic' and with a total of four SRS resources transmitted in different symbols of two different slots, and where the SRS port of each SRS resource in given two sets 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 UE shall expect that the value(s) of the higher layer parameter aperiodicSRS-ResourceTrigger in each SRS-ResourceSet are the same, and the value of the higher layer parameter slotOffset in each SRS-ResourceSet is different. Or, 
-
For 1T=1R, or 2T=2R, or 4T=4R, up to two SRS resource sets each with one SRS resource, where the number of SRS ports for each resource is equal to 1, 2, or 4.
The UE is configured with a guard period of Y symbols, in which the UE does not transmit any other signal, in the case the SRS resources of a set are transmitted in the same slot. The guard period is in-between the SRS resources of the set.

If the indicated UE capability is 't1r4-t2r4', the The UE shall expect to be configured with the same number of SRS ports, either one or two, for all SRS resources in the SRS resource set(s) with higher layer parameter usage set as 'antennaSwitching'.
If the indicated UE capability is 't1r2', 't2r4', 't1r4', 't1r4-t2r4' For 1T2R, 1T4R or 2T4R, the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same slot. If the indicated UE capability is 't1r1', or 't2r2', or 't4r4' For 1T=1R, 2T=2R or 4T=4R, the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same symbol.

-----------------------------------------------------------   END    -----------------------------------------------------------------

· Support (19 companies)

· OPPO, CMCC, ZTE, Nokia, Nokia Shanghai Bell, APT, AT&T, Xiaomi, Spreadtrum Communications, Huawei, HiSilicon, Ericsson, Qualcomm, Samsung, Lenovo, MediaTek, China Telecom, Apple, CATT, 
· Have concern

Companies’ views are welcome

	Company
	View

	CATT
	Is the following change needed?  Based on text above this paragraph, SRS resource set with usage set as ‘antennaSwitching’  always consists of SRS resources with the same number of SRS ports. It is not necessary to repeat it again.
If the indicated UE capability is 't1r4-t2r4', the The UE shall expect to be configured with the same number of SRS ports, either one or two, for all SRS resources in the SRS resource set(s) with higher layer parameter usage set as 'antennaSwitching'.


	OPPO
	Response to CATT’s comment:  For the case with a SRS resource set, we share the same view that all the SRS resources within a set have the same number of SRS ports. However, it is not clear for the case with 2 SRS resource sets if the above-mention paragraph is missing. Let’s take Rel-15 capability of ‘t1r4-t2r4’ as an example. Based on my understanding, the above paragraph (Rel-15 original one) excludes the configuration with both a SRS resource set with 2-port SRS resources and a SRS resource set with 1-port SRS resources. In this TP, we just revise the paragraph to be more general so that it can address the new added cases.   From this perspective, I think the corresponding changes are still needed. 

	CATT
	Thanks for the explanation. The draft TP is fine to us.


5.3. Detailed solution of Alternative 2

[vivo] To clarify our view, we are not against this proposal, our concern is about adding endless list of UE capabilities even the list of proposed new capabilities is not exhaustive yet! Thus our proposal is to introduce 1 Rel-16 related to capability which can solve downgraded feature. It can be clarified in 38214 that for a UE with certain capability gNB can configure reduced number of SRS resources or SRS ports to support downgraded capability. Since UE with higher capability has the hardware in place to support lower capability, thus it is only the matter of gNB configuration of number of SRS resources or number of SRS ports

Draft TP as below.

5.3.1.1 6.2.1.2
UE sounding procedure for DL CSI acquisition
When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set as 'antennaSwitching', the UE may be configured with one of the following configurations depending on the indicated UE capability supportedSRS-TxPortSwitch ('t1r2' for 1T2R, 't2r4' for 2T4R, 't1r4' for 1T4R, 't1r4-t2r4' for 1T4R/2T4R, 't1r1' for 1T=1R, 't2r2' for 2T=2R, or 't4r4' for 4T=4R):

-
For 1T2R, up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the SRS port of the second resource in the set is associated with a different UE antenna port than the SRS port of the first resource in the same set, or each set has one SRS resource for the UE supporting downgraded capability  or

-
For 2T4R, up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each SRS resource set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of two SRS ports, and 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 each set has one SRS resource with two SRS port or each set has two SRS resources with one SRS port each or each set has one SRS resource with one SRS port for the UE supporting downgraded capability or

-
For 1T4R, zero or one 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 in a given set consisting of a single SRS port, and the SRS port of each resource is associated with a different UE antenna port, or each set has two SRS resources with one SRS port each or each set has one SRS resource with one SRS port for the UE supporting downgraded capability and
-
For 1T4R, zero or two SRS resource sets each configured with higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic' and with a total of four SRS resources transmitted in different symbols of two different slots, and where the SRS port of each SRS resource in the given two sets 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 UE shall expect that the value of the higher layer parameter aperiodicSRS-ResourceTrigger or the value of an entry in AperiodicSRS-ResourceTriggerList in each SRS-ResourceSet is the same, and the value of the higher layer parameter slotOffset in each SRS-ResourceSet is different. Or each set has two SRS resources with one SRS port each or each set has one SRS resource with one SRS port and transmitted within a slot for the UE supporting downgraded capability. Or, 
-
For 1T=1R, or 2T=2R, or 4T=4R, up to two SRS resource sets each with one SRS resource, where the number of SRS ports for each resource is equal to 1, 2, or 4. For 4T=4R, one SRS resource with number of SRS ports equal to 2 or 1 can be configured for the UE supporting downgraded capability. For 2T=2R, one SRS resource with number of SRS ports equal to 1 can be configured for the UE supporting downgraded capability.
The UE is configured with a guard period of Y symbols, in which the UE does not transmit any other signal, in the case the SRS resources of a set are transmitted in the same slot. The guard period is in-between the SRS resources of the set.

If the indicated UE capability is 't1r4-t2r4', the UE shall expect to be configured with the same number of SRS ports, either one or two, for all SRS resources in the SRS resource set(s).

If the indicated UE capability is 't1r2', 't2r4', 't1r4', 't1r4-t2r4', the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same slot. If the indicated UE capability is 't1r1', or 't2r2', or 't4r4' the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same symbol.

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

	
[image: image1.wmf]m


	
[image: image2.wmf][kHz]

 

15

2

×

=

D

m

f


	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2


----------------------------------------------------------------------------------------------------------------------------------------

Companies’ views are welcome

	Company
	View

	Samsung
	Generally fine with the TPs but would like to have separated sentences for the red parts to avoid any misunderstanding from the condition “for the UE supporting downgraded capability”. 

	HW
	The spec changes may not be straightforward, given that restriction in spec for 2T2R or 2T4R is different, e.g. 2T4R supports only two different types but 2T2R has no such restriction. For 1T4R with aperiodic AS, it is even more complicated.  Alt 2 may work but potential spec changes could be cautiously checked. 

	vivo
	In our view, the important part is the functionality, even for alt1 and alt3 some clarification for 1T4R with aperiodic SRS being configured as 1T2R is needed in 38.214.


5.4. Detailed solution of Alternative 3

· Allow UE reporting sequence from {t1r2, t1r4, t2r4, t1r4-t2r4, t1r1, t2r2} per band per band combination as part of Rel-16 UE capability for antenna switching. 

· No RAN1 spec impact. 
Companies’ views are welcome

	Company
	View

	Intel
	Support the proposal. 
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