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In this contribution, the remaining issues on enhancing SRS capacity and coverage for LTE [2-23] are summarized and some suggested proposals are also provided. 
[bookmark: _Ref129681832]
Remaining issues and proposals

UE specific SRS configuration and transmission

Periodic and aperiodic of additional SRS symbols
The views of companies are listed as below:
	Company
	Proposals and comments

	Huawei, HiSilicon
	Proposal 3: Support periodic SRS transmission for additional SRS symbols.
· FFS semi-persistent SRS to achieve  the tradeoff between overhead and performance
Proposal 7: Support intra-subframe frequency hopping and repetition for periodic SRS in additional SRS symbols.

	ZTE
	Proposal 1: Not support periodic SRS in additional symbols.

	Vivo
	Proposal1: periodic transmission of additional SRS symbol(s) is not supported.

	MTK
	Proposal 6: Intra-subframe frequency hopping and repetition are not supported for periodical additional SRS symbols.

	Lenovo, Moto
	Proposal 2:  Periodic SRS transmission for additional SRS symbol(s) should also be supported.
Proposal 3: Frequency hopping and repetition should be supported for periodic SRS transmission for additional SRS symbol(s).

	Samsung
	Proposal 3: Periodic SRS transmission in the additional SRS symbols is not supported in Rel-16.

	QC
	Proposal 6: Support periodic SRS transmission in additional SRS symbols.
· Intra-subframe antenna switching/frequency hopping/repetition are supported for periodic SRS in additional symbols.


	Nokia, NSB
	[bookmark: _Hlk528918911]Proposal 4: Periodic SRS transmission is supported in the additional SRS symbols
Proposal 5: UE drops SRS transmission if it collides with PUCCH/PUSCH/PRACH in the same carrier

	Ericsson
	Proposal 4	The trade-off between channel sounding accuracy from multi-symbol SRS transmissions of Rel-16 UEs and UL throughput impact on legacy UEs should first be carefully evaluated before specifying periodic multi-symbol SRS enhancements in Rel-16.



On the support of periodic SRS transmission for additional SRS, the views of companies are summarized as below:
· Periodic: 
· Support: Lenovo, Moto, QC, Nokia, NSB, Huawei, HiSilicon, LGE
· Not support: ZTE, Vivo, Samsung, MTK
· FFS: Ericsson (trade-off between channel sounding accuracy and UL throughput impact)
The reasons to support periodic SRS transmission include further delay with only AP SRS in frequency hopping or antenna switching, configuration flexibility, DL intermittent traffic UEs. The reasons to not support periodic SRS transmission include impacts to uplink transmission, usage of legacy SRS, spec complexity. Based on the inputs, the following observation is made:
Proposal 1: Periodic SRS triggering for additional SRS is supported for additional SRS symbols.

Antenna switching for additional SRS
The views of companies are listed as below:
	Company
	Proposals and comments

	Huawei, HiSilicon
	Proposal 4: Intra-subframe antenna switching and intra-subframe frequency hopping/repetition can be concurrently configured.
Proposal 5: Introduce the guard period for antenna switching when additional SRS symbols are allocated for the same UE.


	ZTE
	Proposal 4: If both SRS antenna switching and frequency hopping are configured within one subframe, the gap should be minimized.

	Vivo
	Observation2: it is possible for a UE to transmit additional SRS with antenna switching within a sub-frame.

	MTK
	Proposal 5: Concurrent configuration of Intra-subframe antenna switching and intra-subframe frequency hopping/repetition for aperiodic SRS in additional SRS symbols is not supported.


	Lenovo, Moto
	Proposal 4: Intra-subframe antenna and intra-subframe frequency hopping cannot be concurrently configured.

	QC
	Proposal 4: Support intra-subframe antenna switching/frequency hopping/repetition with flexible configuration to enable the following
· Intra-subframe AS with no repetition/frequency hopping on narrowband or wideband
· Intra-subframe AS with frequency hopping
· Intra-subframe AS with repetition


	Intel
	Proposal 5: Intra-subframe antenna switching and intra-subframe frequency hopping/repetition can be concurrently configured, where, frequency hopping/repetition is performed before switching antenna ports.



On whether intra-subframe antenna switching and intra-subframe frequency hopping/repetition can be concurrently configured, the views are summarized as below:
· Support: ZTE, QC, Intel, Huawei, HiSilicon
· Not support: MTK, Lenovo, Moto, LGE
The reasons to support concurrently configuration include guaranteeing of SRS coverage, fast sounding of all antennas, flexibility. The reasons to not support concurrently configuration include difference use cases for frequency hopping/repetition and antenna switching, limited number of symbols.
Based on the majority view, the following is proposed to move forward:
Proposal 2: Intra-subframe antenna switching and intra-subframe frequency hopping/repetition can be concurrently configured.
Considering the RF impact due to antenna switching, the guard period was proposed and solutions to minimize the RF impact are proposed that frequency hopping/repetition is performed before antenna switching. Therefore, the following is proposed:
Proposal 3: Frequency hopping/repetition is performed before switching antenna ports if intra-subframe antenna switching and intra-subframe frequency hopping/repetition are concurrently configured to a UE (if supported).

Concurrent transmission of legacy SRS symbols and additional SRS symbols
The views of companies are listed as below:
	Company
	Proposals and comments

	ZTE
	Proposal 5: UE can transmit legacy aperiodic SRS and additional SRS symbol(s) in the same subframes.


	MTK
	Observation 3: There is no significant benefit for UE to transmit aperiodic legacy SRS symbol and aperiodic additional SRS at the same time.
Proposal 3: In case legacy SRS is aperiodic, UE cannot transmit legacy SRS and additional SRS symbol(s) in the same subframes.
Proposal 4: one bit in a re-interpreted field in DCI format 0 can indicate if SRS request is for legacy SRS symbol or additional SRS symbols – It is FFS which re-interpreted field in DCI format 0.


	LG Electronics
	Proposal 5: Additional and legacy AP-SRS can be triggered in the same subframe by extending legacy AP-SRS triggering mechanism.


	Lenovo, Moto
	Proposal 5: Aperiodic legacy SRS transmission cannot be triggered in the subframes containing additional SRS symbol(s). 


	Samsung
	Proposal 5: Support aperiodic SRS transmission across legacy and additional SRS symbols within a subframe.


	QC
	Proposal 1: In case of legacy SRS is aperiodic, UE can transmit legacy SRS and additional SRS symbol(s) in the same subframes.


	Intel
	Proposal 2: UE does not support concurrent transmission of legacy aperiodic SRS and additional SRS symbol(s) in the same subframe.


	Mitsubishi
	Proposal 5 : Allow aperiodic legacy and additional SRS transmission in the same subframe


	Nokia, NSB
	Proposal 3: Reuse existing SRS request field in the relevant DCI formats to trigger aperiodic SRS transmission in additional SRS symbols.




For the concurrent triggering/transmission of aperiodic legacy SRS symbols and aperiodic additional SRS symbols, the views are summarized as:
In case of legacy SRS is aperiodic, UE can transmit legacy SRS and additional SRS symbol(s) in the same subframes
· Support: ZTE, LGE, Samsung, QC, Mitsubishi, Nokia, NSB
· Not support: MTK, Lenovo, Moto, Intel, Ericsson
Based on the inputs, the following is proposed:
Proposal 4: For further study on whether and the triggering on transmission of aperiodic legacy SRS and aperiodic additional SRS symbol(s) in the same subframes for a UE.

Sequence generation with introduction of virtual cell ID
And the details of group/sequence hopping of proponents are:
	Sourcing
	Proposals

	ZTE
	NR introduces symbol level generation of the pseudo-random sequence for both the sequence-group number   and the base sequence number   because multiple symbols in one slot can be used for SRS transmission.


Proposal 6: For SRS pseudo-random sequence in additional SRS symbol(s), support the same symbol-level generation of the pseudo-random sequence for both  and as NR. 
To be more specific, we provide the modified formula based on proposal 4 as below.






Where  is the symbol number within the subframe .

	QC
	Proposal 2: When  is configured as cell ID or virtual cell ID, the time-varying SRS sequence for multiple SRS symbols in a UL normal subframe is defined by changing (u, v) for SRS ZC roots as
· , 
where the group hopping pattern  is given by
,
with  as the index of the starting SRS symbol, and  is initialized with  at the beginning of each radio frame.
·   
where   is initialized with  at the beginning of each radio frame, and  could be 0 or  configured by higher layers.
 

	Ericsson
	1. Time-varying SRS sequences for multi-symbol SRS in normal UL subframes is not introduced in LTE Rel-16, unless the performance benefits of this feature are quantified via evaluations.



Based on companies’ inputs, the following is proposed:
Proposal 5: The per-symbol group hopping or sequence hopping are supported. FFS details.

Application of virtual cell ID
On the application of virtual cell ID, there are following proposals:
	Sourcing
	Proposal

	Huawei, HiSilicon
	Proposal 1: The eNB can configure to apply the virtual cell ID to:
· Only legacy SRS
· Or only additional SRS symbol(s)
· Or both legacy and additional SRS symbol(s)


	ZTE
	Proposal 1: eNB has the flexibility to configure the virtual cell ID to legacy SRS symbol and/or additional SRS symbol(s).


	Vivo
	Proposal: alternative 1, i.e. when a virtual cell ID is configured, it applies to both legacy and additional SRS symbol(s), is supported.


	LGE
	Proposal 1: When a virtual cell ID is configured, it applies to both legacy and additional SRS symbol(s).


	Samsung
	Proposal: 
· We support Alt1: When a virtual cell ID is configured, it applies to both legacy and additional SRS symbol(s).
· FFS: in which level the SRS symbols are to be initialized, in slot level or in symbol level.


	QC
	Proposal 1: When a virtual cell ID is configured, eNB has the flexibility to apply the virtual cell ID to
· Only legacy SRS
· Or only additional SRS symbol(s)
· Or both legacy and additional SRS symbol(s)


	Intel
	Proposal 1: When a virtual cell ID is configured, it applies to both legacy and additional SRS symbol(s)


	Nokia, NSB
	Proposal 1: Alt 2 from the agreement in the last meeting is adopted: 
When a virtual cell ID is configured, eNB has the flexibility to apply the virtual cell ID to
o	Only legacy SRS
o	Or only additional SRS symbol(s)
o	Or both legacy and additional SRS symbol(s)


	Ericsson
	1. When a virtual cell ID is configured, it applies to both legacy and additional SRS symbol(s).



As agreed in last meeting, there are two options on applicability of virtual cell IDs:
Agreement
Down-select among the following alternatives in the next RAN1 meeting
· Alt1: When a virtual cell ID is configured, it applies to both legacy and additional SRS symbol(s)
· Alt2: When a virtual cell ID is configured, eNB has the flexibility to apply the virtual cell ID to
· Only legacy SRS
· Or only additional SRS symbol(s)
· Or both legacy and additional SRS symbol(s)
If virtual cell ID is not configured, physical cell ID is used.
Based on the inputs, the views are summarized as:
· Alt 1: Vivo, LGE, Samsung, Intel, Ericsson
· Alt 2: ZTE, QC, Nokia, NSB, Huawei, HiSilicon
As the views are still diverse, the following is proposed:
Proposal 6: Down-select in this meeting among the following alternatives 
· Alt1: When a virtual cell ID is configured, it applies to both legacy and additional SRS symbol(s)
· Alt2: When a virtual cell ID is configured, eNB has the flexibility to apply the virtual cell ID to
· Only legacy SRS
· Or only additional SRS symbol(s)
· Or both legacy and additional SRS symbol(s)
If virtual cell ID is not configured, physical cell ID is used.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
Proposal 1: Periodic SRS triggering for additional SRS is supported for additional SRS symbols.
Proposal 2: Intra-subframe antenna switching and intra-subframe frequency hopping/repetition can be concurrently configured.
Proposal 3: Frequency hopping/repetition is performed before switching antenna ports if intra-subframe antenna switching and intra-subframe frequency hopping/repetition are concurrently configured to a UE (if supported).
Proposal 4: For further study on whether and the triggering on transmission of aperiodic legacy SRS and aperiodic additional SRS symbol(s) in the same subframes for a UE.
Proposal 5: The per-symbol group hopping or sequence hopping are supported. FFS details.
Proposal 6: Down-select in this meeting among the following alternatives 
· Alt1: When a virtual cell ID is configured, it applies to both legacy and additional SRS symbol(s)
· Alt2: When a virtual cell ID is configured, eNB has the flexibility to apply the virtual cell ID to
· Only legacy SRS
· Or only additional SRS symbol(s)
· Or both legacy and additional SRS symbol(s)
If virtual cell ID is not configured, physical cell ID is used.
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