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1. Introduction
In RAN4#98e meeting, we discussed the SRS antenna port switching, and approved a way forward [1]. Some initial agreements have been reached for following issues:
Issue 1-1-1: whether interruption requirement would be defined in RRM for SRS antenna port switching
· Agreement: RAN4 to define interruption requirements for SRS antenna port switching
Issue 1-1-4: RAN4 defines the requirement only for SRS antenna port switching in FR1 or in both FR1 and FR2
· Define the RRM requirements for SRS antenna port switching for FR1. 
Issue 1-2-2: Victim cell type impacted by SRS antenna port switching
· In the R17 FeRRM WI only RRM requirement of NR SRS antenna port switching would be discussed, including following cases (but all the victim CCs shall be determined by the conclusion in issue 1-2-1):
· NR SRS antenna port switching impacting LTE CC
· NR SRS antenna port switching impacting NR CC

More issues are FFS. This document will further discuss the issues for SRS antenna port switching and present our understanding and proposals.

2. Discussion
The following issues have not reached agreements. Here we will discuss these issues and present out understanding one by one.

Issue 1-1-2: whether delay requirement would be defined in RRM for SRS antenna port switching
· RRM delay requirement for SRS antenna port switching is FFS
· Option 1: Do not define SRS antenna port switching delay requirement in RRM.
· Option 2: Define SRS antenna port switching delay requirement same as RF retuning time.
· Option 3: Define SRS antenna port switching delay requirement. FFS for the value. At least RF retuning time shall be included.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The UE sounding procedures are defined in section 6.2.1 of TS38.214 [2]. The SRS resources and SRS resource set are configured by higher layer parameters. The higher layer parameter resourceType in SRS-Resource or SRS-PosResource can be set ‘periodic’, ‘semi-persistent’, and ‘aperiodic’.
When the SRS resource type is set ‘periodic’, UE will transmit SRS periodically. We think no delay requirement needs to be defined. When the SRS resource type is set ‘semi- persistent’, the action delay is defined already in [2] that:
when a UE receives an activation command, as described in clause 6.1.3.17 or 6.1.3.36 of [10, TS 38.321], for an SRS resource, and when the UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH carrying the activation command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions on SRS transmission corresponding to the configured SRS resource set shall be applied starting from the first slot that is after slot  where  is the SCS configuration for the PUCCH.

When the SRS resource type is set ‘aperiodic’, the SRS transmission will be triggered by DCI.  The action delay is defined already in [2] that:

If the UE receives the DCI triggering aperiodic SRS in slot n and except when SRS is configured with the higher layer parameter SRS-PosResource, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot , if UE is configured with ca-SlotOffset for at least one of the triggered and triggering cell,  Ks =[image: ], otherwise, …

So the SRS transmit timing is defined clearly in physical specification. No delay requirement needs to be defined in RAN4 specification. 
The transient period for SRS antenna port switching of 15us for FR1 has been defined in time mask requirement in UE RF specification [3].  Y(=1 for 15/30/60kHz SCS and =2 for 120kHz SCS) symbol guard period are defined between two SRS resources of an SRS resource set for antenna switching in subclaue 6.2.1.2 in [2]. The SRS antenna port will be switched during the guard symbol(s). 
Based on the discussions above, the time of command handling and the length and location of switching transient period are all defined clearly. These delay and transient period are not necessary to be defined and tested in RRM specification. We think it is sufficient that RRM specification only define and test interruption requirements for SRS antenna port switching.
Proposal 1: Do not define SRS antenna port switching delay requirement in RRM.

Issue 1-1-3: Impact of SRS antenna port switching to other RRM requirements
· Further identify impact of SRS antenna port switching on RRM requirements, e.g.
· Timing measurements and corresponding measurement requirements
· Other RRM requirements
The impact of SRS antenna port switching to other RRM requirements should be further identified. About timing requirements, the Te and Rx-Tx timing difference measurement are defined. Tx timing may be different between different antenna ports. But this timing difference should be less than 1ns. The most strict requirement for Te is 3*64*Tc, i.e. 97.65625ns. The accuracy requirements for Rx-Tx timing different measurement for NR are not defined yet but defined as ±7Ts in LTE specification. Tx timing difference between different antenna ports can be ignored for timing measurement requirements.
On the other hand, The SRS antenna port switching should not impact timing of receiving signal. Te requirement and test should not be applied for the case of antenna port switching. Te requirement should also not be impacted. Rx-Tx timing difference should be measured on UL signal or SRS on normal antenna port, and not on switched antenna port. So the timing measurement and corresponding requirements should not be impacted by SRS antenna port switching. No impact for other RRM requirements is expected. By our understanding, no RRM requirement would be impacted by SRS antenna port switching.
Proposal 2: No RRM requirement would be impacted by SRS antenna port switching.

Issue 1-1-4: RAN4 defines the requirement only for SRS antenna port switching in FR1 or in both FR1 and FR2
· FFS for FR2 SRS antenna port switching requirements: 
· Further identify the applicability of the existing RF transient period for SRS antenna port switching.
In current RF specification 38.101-2, there is not requirement for antenna port switching. During discussion in last meeting, it is also relative power saving if the SRS antenna port switching is occurred on different antenna panels. There are more issues about switching time, availability and gain has not resolved. We think it may be appropriate to define the requirement only for SRS antenna port switching in FR1.
Proposal 3: It may be appropriate to define the requirement only for SRS antenna port switching in FR1.

Issue 1-2-1: Interruption requirement applicability
· FFS:
· Option 1 (MTK, Huawei, OPPO, NEC, Xiaomi): The interruption requirement should base on the band combination capability reporting by UE.
· Option 1a: The interruption requirement should base on the band combination capability (indicated by txSwitchImpactToRx or txSwitchWithAnotherBand) reporting by UE. 
· Option 2 (Huawei (observation 1), Nokia (proposal 5), NEC, Apple, vivo, CATT, QC): For the interruption cause by the switching period, whether the victim CCs are same as those indicated by the IEs (txSwitchImpactToRx or txSwitchWithAnotherBand) needs further discussion.
· Option 3 (Ericsson): Needs further checking and discussion.
In TS38.331 [4], following UE capability information is defined:
	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
In TS38.306 [5], the parameters are defined as:
-	txSwitchImpactToRx indicates the entry number of the first-listed band with UL (see NOTE) in the band combination that affects this DL, which is mandatory with capability signaling;
-	txSwitchWithAnotherBand indicates the entry number of the first-listed band with UL (see NOTE) in the band combination that switches together with this UL, which is mandatory with capability signaling.
For txSwitchImpactToRx and txSwitchWithAnotherBand, value 1 means first entry, value 2 means second entry and so on. All DL and UL that switch together indicate the same entry number.
By our understanding, whether the SRS antenna port switching impact Rx and which band combination is impacted have been indicated through UE capability information. The interruption requirement applicability can base on the information.
Proposal 4: The interruption requirement should base on the band combination capability (indicated by txSwitchImpactToRx or txSwitchWithAnotherBand) reporting by UE.

Issue 1-2-3: whether same interruption requirement applies to different SRS antenna port switching patterns
· FFS:
· Option 1 (vivo, OPPO, NEC, Apple, Xiaomi, Intel, CATT, QC): use same set of requirements for different SRS antenna switch patterns
· Option 2 (LGE): Depending on UE capability supportedSRS-TxPortSwitch, the interruption requirements should be defined.
· Option 3 (Ericsson, MTK, Nokia): further discussion is needed.
We think the options above are not contradictory. The interruption should be made by switching period and SRS transmission on other antenna port. Same requirement can be applied for different SRS antenna switch patterns. The SRS antenna switch patterns should also be supported by UE indicated in capability. So RAN4 may agree that use same set of requirements for different SRS antenna switch patterns supported by UE capability indicated in supportedSRS-TxPortSwitch.
Proposal 5: Use same interruption set of requirements for different SRS antenna switch patterns supported by UE capability indicated in supportedSRS-TxPortSwitch.

Issue 1-3-1: The interruption requirement is defined based on slot level or symbol level
· FFS:
· Option 1 (Apple, QC, MTK, Huawei, OPPO, Xiaomi, vivo, CATT, Intel): based on slot level
· Option 2 (LGE, NEC, Huawei, Ericsson): based on symbol level
· Option 3 (Nokia, CMCC): FFS
We think the data block coding is defined generally with some PRB in full slot. The HARQ feedback of UE receiving data is also based on data block decoding. The interruption requirements are tested generally using UE ACK/NACK feedback in the test case. So the interruption requirement should be defined based on slot level. If it is defined based on symbol level, the requirement will be applied only on some specific cases, and the test cases will be redesigned and introducing complexity. 
Proposal 6: The interruption requirement will be defined based on slot level.

Issue 1-3-2: The components within interruption time of SRS antenna port switching in FR1
· FFS:
· Option 1 (Xiaomi, vivo, Huawei, OPPO, Intel, CATT): includes antenna switching time and SRS transmission time
· Option 1a (QC, NEC, LG, MTK): includes antenna switching time and SRS transmission time; and transient periods before and after SRS transmission slot have to be taken into consideration.
· Option 1b (Ericsson, Xiaomi, NEC, LG): includes antenna switching time and SRS transmission time; and other components can be further discussed.
· Option 2 (Ericsson): FFS on followings
· FFS: time to switch to transmit,
· FFS: time to switch back,
· FFS: guard symbol(s),
· FFS: SRS transmission.
· Option 3 (Apple, Nokia): only antenna switching time
· If the transient period (15us) can be captured within the guard period in FR1, the UL interruption at SRS antenna switching shall be defined based on the minimum guard period specified in RAN1
It should be agreed that the interruption time should consider the transient period including antenna switching and SRS transmission time on other antenna port (different with normal data transmission). Y guard symbol(s) between SRS resource symbols of different antenna port are defined in physical specification as above mentioned. The switching transient period can be set at any location in the guard symbol(s) by UE. So the interruption time should include full guard symbol(s) in the requirements. We can assume that SRS transmission on same antenna port with PUCCH/PUSCH (normal data transmission) will not make interruption, and the SRS transmission should be transmitted contiguously with PUCCH/PUSCH. Considering above factors, we think the components within interruption time of SRS antenna port switching in FR1 should include all guard symbols, all SRS symbols transmitted on other antenna port, and only one switching time (15us, switch to or switch back) as figure 1.


Figure 1.  the relationship of DL timing, UL timing, and Te
Proposal 7: The interruption time of SRS antenna port switching in FR1 includes all guard symbols, all SRS symbols transmitted on other antenna port, and only one switching time. 

Issue 1-3-3: if option 1 is adopted in issue 1-3-2, details of the interruption time in FR1
· FFS:
· Option 1 (NEC, LG,): 
· Interruption time for SRS antenna port switching when the SRS resource transmission in the SRS resource set is in same slot is (nrofSymbols+2+Y) OFDM symbols. Where nrofSymbols is the number of SRS symbols in the SRS transmission during SRS antenna switching and Y is the minimum guard period between two SRS resources of an SRS resource set for antenna switching.
· Interruption time due to SRS antenna port switching when the SRS resources in a resource set are not in same slot are (nrofSymbols +2) OFDM symbols. Where nrofSymbols is the number of SRS symbols in the SRS transmission during SRS antenna switching.
· Option 2 (MTK, OPPO, CATT): The SRS antenna switching interruption time should be
· (A) SRS Transmission time (up to 6 symbols).
· (B) 2 * 15us (The SRS antenna switching time is 15us)
· Option 3 (Xiaomi, Apple, vivo, MTK, Nokia): Wait the conclusion from issue 1-3-2
· Option 4 (QC): SRS transmission time (up to 7 symbols) + 10us*2 transient period
The details of the interruption time in FR1 will be discussed in following issues.

Issue 1-3-5: Would the interruption requirement based on different SCS?
· FFS:
· Option 1 (Apple): Interruption requirement is based on the victim CC SCS.
· Option 2 (QC, MTK, vivo, OPPO, LG, CATT): Interruption requirement is based on the aggressor CC and victim CC SCS.
· Option 3 (Ericsson, Apple, Xiaomi, Nokia, Intel, CATT, Huawei): 
· The interruption requirement depends at least on the SCS of the victim cell.
· FFS: the interruption requirement depends on the SCS of aggressor cell.
As mentioned above, the interruption time is based on the number of guard symbol(s) and SRS symbol(s). The length of symbol will be different with different SCS. The interruption time which based on slot number of victim CC will be based on SCS.
Proposal 8: Interruption requirement is based on the aggressor CC SCS and victim CC SCS.

Issue 1-3-6: Would the interruption requirement differentiate between sync and async cases?
· FFS:
· Option 1 (Apple, QC, MTK, OPPO, Xiaomi): No; based on the async case for the minimum requirement.
· Option 2 (LGE, CATT, Ericsson, Nokia): Yes.
· Option 3 (Huawei): depends on whether to have slot level interruption or symbol level interruption. Need FFS.
For sync cases, the guard symbol(s) and SRS symbol(s) transmitted on other antenna portare all in a slot of the victim serving cell. Only one 15 us transient period may be at the start of next slot. In normal case, there is always a transient period at the start of slot due to power change or demodulation coding change. It is not considered to impact full slot receiving. So we can consider only one slot interruption. For async cases, the location of slot boundary of other serving cell is uncertain. We consider generally worse case, i.e. two slots will be impacted assuming the boundary of slot is within this interruption time. So the interruption requirement can be defined different between sync and async cases. 
Proposal 9: The interruption requirement can differentiate between sync and async cases.

Issue 1-3-7: Interruption requirement for UE with or without per-FR MG capability
· FFS:
· Option 1 (Apple): 
· For UE capable of per-FR MG, the interruption is only allowed to a victim serving CC if NR SRS antenna port switching happens in the same FR as this victim serving CC.
· For UE not capable of per-FR MG, the interruption is always allowed to a victim serving CC regardless of whether NR SRS antenna port switching happens in the same FR as this victim serving CC.
· Option 2 (MTK, Huawei, Xiaomi, CATT, Apple): No need to define the UE (not) capable of per-FR gaps requirement for SRS antenna port switching in RAN4.
· Option 3 (OPPO, QC, Ericsson, Nokia): FFS after addressing other issues
We think the per-FR MG capability only indicate that UE adjusting FR2 or FR1 receiver to make measurement will not impact FR1 or FR2 transceiver work, but or does not indicate any impact of transmitter antenna port switching. On the other hand, we have parameters of txSwitchImpactToRx and txSwitchWithAnotherBand indicating the UE capability for impact of antenna port switching. So no need to define the UE (not) capable of per-FR gaps requirement for SRS antenna port switching.
Proposal 10: No need to define the UE (not) capable of per-FR gaps requirement for SRS antenna port switching in RAN4.

Issue 1-3-8: Interruption requirement proposals
Some companies have proposed the interruption requirements in last meeting. But the proposals are not integrated. As above discussion, we think the interruption requirements should base on sync/async case, Aggressor Cell SCS, Victim cell SCS, number of guard symbol and SRS symbol.
Proposal 11: The interruption requirements should base on sync/async case, Aggressor Cell SCS, Victim cell SCS, number of guard symbol, and number SRS symbol transmitted on other antenna port and 15us transient period for FR1.
Based on all the discussions above, the interruption requirements may be defined as following form:
Table 1. Interruption (slot number) requirement for Synchronized network
	Victim cell SCS
	Aggressor cell SCS, number SRS symbols on other antenna port

	
	15kHz
	30kHz
	60kHz…

	
	1
	2
	3
	1
	2
	3
	1
	2
	3

	15kHz
	[1]
	[1]
	[1]
	[1]
	[1]
	[1]
	[1]
	[1]
	[1]

	30kHz
	[1]
	[1]
	[1]
	[1]
	[1]
	[1]
	[1]
	[1]
	[1]

	60kHz
	[1]
	[1]
	[2]
	[1]
	[1]
	[1]
	[1]
	[1]
	[1]

	120kHz
	[1]
	[2]
	[2]
	[1]
	[1]
	[2]
	[1]
	[1]
	[1]



Table 1. Interruption (slot number) requirement for asynchronized network
	Victim cell SCS
	Aggressor cell SCS, number SRS symbols on other antenna port

	
	15kHz
	30kHz
	60kHz…

	
	1
	2
	3
	1
	2
	3
	1
	2
	3

	15kHz
	[2]
	[2]
	[2]
	[2]
	[2]
	[2]
	[2]
	[2]
	[2]

	30kHz
	[2]
	[2]
	[2]
	[2]
	[2]
	[2]
	[2]
	[2]
	[2]

	60kHz
	[2]
	[2]
	[3]
	[2]
	[2]
	[2]
	[2]
	[2]
	[2]

	120kHz
	[2]
	[3]
	[3]
	[2]
	[2]
	[3]
	[2]
	[2]
	[2]



3. Conclusion
This document discussed the topic of SRS antenna port switching and presented following proposals:
Proposal 1: Do not define SRS antenna port switching delay requirement in RRM.
Proposal 2: No RRM requirement would be impacted by SRS antenna port switching.
Proposal 3: It may be appropriate to define the requirement only for SRS antenna port switching in FR1.
Proposal 4: The interruption requirement should base on the band combination capability (indicated by txSwitchImpactToRx or txSwitchWithAnotherBand) reporting by UE.
Proposal 5: Use same interruption set of requirements for different SRS antenna switch patterns supported by UE capability indicated in supportedSRS-TxPortSwitch.
Proposal 6: The interruption requirement will be defined based on slot level.
Proposal 7: The interruption time of SRS antenna port switching in FR1 includes all guard symbols, all SRS symbols transmitted on other antenna port, and only one switching time. 
Proposal 8: Interruption requirement is based on the aggressor CC SCS and victim CC SCS.
Proposal 9: The interruption requirement can differentiate between sync and async cases.
Proposal 10: No need to define the UE (not) capable of per-FR gaps requirement for SRS antenna port switching in RAN4.
Proposal 11: The interruption requirements should base on sync/async case, Aggressor Cell SCS, Victim cell SCS, number of guard symbol, and number SRS symbol transmitted on other antenna port and 15us transient period for FR1.
[bookmark: _GoBack]
4. Reference
[1]	R4-2103672, WF on further RRM enhancement for NR and MR-DC - SRS antenna port switching, Apple
[2]	3GPP TS 38.214 V16.4.0, NR; Physical layer procedures for data
[3]	3GPP TS38.101-1 v17.0.0, User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone
[4]	3GPP TS38.331 v16.3.1, NR; Radio Resource Control (RRC) protocol specification
[5]	3GPP TS38.306 v16.3.0, NR; User Equipment (UE) radio access capabilities

Page 1

oleObject1.bin

image2.wmf
2

2

SRS

PDCCH

nk

m

m

êú

×+

êú

êú

ëû


image10.wmf
,,

,,,,

2

2

2

22

SRS

SRS

PDCCHoffsetPDCCHoffsetSRS

CACA

slotoffsetPDCCHslotoffsetSRS

NN

nk

m

m

mmm

êú

æö

êú

êú

ç÷

×++-×

êú

ç÷

êú

êú

ëû

èø

ëû


oleObject2.bin

image20.wmf
2

2

SRS

PDCCH

nk

m

m

êú

×+

êú

êú

ëû


image3.emf
PUSCH symbol

(antenna port x)

Interruption time

15us transient period

SRS symbol

(antenna port x)

Guard symbol

SRS symbol

(antenna port y)

PUSCH symbol

(antenna port x)


oleObject3.bin
�

SRS symbol
(antenna port x)


PUSCH symbol
(antenna port x)


Guard symbol


Interruption time


15us transient period


SRS symbol
(antenna port y)


PUSCH symbol
(antenna port x)



image1.wmf
,,

,,,,

2

2

2

22

SRS

SRS

PDCCHoffsetPDCCHoffsetSRS

CACA

slotoffsetPDCCHslotoffsetSRS

NN

nk

m

m

mmm

êú

æö

êú

êú

ç÷

×++-×

êú

ç÷

êú

êú

ëû

èø

ëû


