[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #95	R1-1813737
Spokane, USA, November 12 – 16, 2018

Agenda Item:	6.2.3.1
Source:	Huawei, HiSilicon
Title:	Feature summary on SRS enhancements for LTE
Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, the discussion on additional SRS symbols for LTE [2-21] are summarized. Some suggested proposals are also provided. 
[bookmark: _Ref129681832]WID objectives and previous agreements
At RAN#80 meeting, the following objectives were agreed for enhancement in LTE Rel-16 [1], with the objective for additional SRS symbols highlighted.
The work item aims to specify the enhancements identified for further improving network performance. The detailed objectives are as follows.
· Enhance SRS capacity and coverage [RAN1]
· Introduce more than one symbol for SRS for one UE or for multiple UEs on a UL normal subframe
· Baseline: the minimum SRS resource allocation granularity for a cell is one slot, when more than one symbol in a normal subframe is allocated for SRS for the cell
· Enhancements on PUCCH and PUSCH are not in scope
· Introduce virtual cell ID for SRS 
· Specify higher layer support of enhancements listed above [RAN2]
· Specify RF requirement of UE for the enhancements listed above [RAN4]

At RAN1#94bis meeting, the following agreements were achieved:
Conclusion
At least for low downlink SINR region, the support of additional SRS symbols per UE in normal subframes can bring gain for downlink performance.
· The above observation is for full reciprocity based evaluation results
Agreement
Aperiodic SRS transmission for additional SRS symbol(s) is supported. FFS on periodic SRS transmission for additional SRS symbol(s).
For the next meeting
Companies are encouraged to provide evaluation results and technical details related to the support of antenna switching for additional SRS symbol(s)
Agreement
The time location of possible additional SRS symbols in one normal UL subframe for a cell is down-selected from following options (down-selection to be made in RAN1#95):
-   Option 1: All symbols in only one slot of one subframe can be used for SRS from cell perspective
-   Option 2: All symbols in one subframe can be used for SRS from cell perspective. 
-   FFS whether cell-specific configuration of SRS resources in slot-level granularity is required or not
Agreement
For a UE configured with additional SRS symbols within one UL subframe, the SRS transmission is down-selected from following options
-   Option 1: Frequency hopping within one UL subframe is supported.
-   Option 2: Repetition within one UL subframe is supported
-   Option 3: Both frequency hopping and repetition within one UL subframe is supported.
-   FFS the maximum number of SRS symbol within one subframe/slot that can be allocated to a UE.

Summary
SRS resources in a cell
The views of companies are summarized as:
	Company
	Proposals and comments

	Huawei, HiSilicon
	Proposal 2: Support the configuration of all symbols in only one slot of a subframe used for SRS from a cell perspective. The cell-specific configuration of SRS resources in slot-level granularity is required to enable PUCCH/PUSCH rate matching around additional SRS.

	ZTE
	Proposal 1: All symbols in one subframe can be used for SRS from cell perspective.

	Vivo
	Proposal2: from cell perspective, all symbols in a normal UL subframe can be configured for additional SRS, multiplexing of sTTI on same subframe and same PRBs with additional SRS on symbols where SRS is not transmitted is supported. 


	Intel
	Proposal 3: consider following options for supporting multi-symbol SRS for Rel-16:
	1. TDD: Dedicated sub-frame and or a slot.
2. FDD: Dedicated sub-frame and or a sub-slot.
Observation 1: There seems to be no need to specify cell-specific configuration parameters for multi-symbol enhanced Rel-16 SRS resource.


	LG Electronics
	Proposal 1: Introduce separate RRC signalling for Rel-16 cell-specific SRS subframe configuration.
Proposal 2: 1-slot granularity is sufficient for Rel-16 cell-specific SRS subframe configuration as enhancement on normal UL subframe.


	Lenovo, Moto
	Proposal 1: All symbols in one subframe can be used for SRS from cell perspective.


	Samsung
	Proposal 1: Define the baseline by using a combination of Rel-14 SRS enhancements (i.e. up to 6 symbols in UpPTS + SRS carrier switching).
Proposal 2: Cell-specific configuration of SRS resources in normal subframes is not specified in Rel-16.
Proposal 4: All symbols in one subframe can be used for SRS from cell perspective.
· FFS, location of SRS symbols of an SRS resource within a subframe from UE perspective
· FFS, the maximum number of SRS symbols within a subframe from UE perspective


	QC
	Proposal 2: Support all symbols at least in one slot for possible time location of SRS symbols from cell perspective.

	Nokia, NSB
	[bookmark: _Hlk528917920]Proposal 1: All symbols in one subframe can be used for SRS from cell perspective.


	Softbank
	Observation 1
•	For non-CA case,
•	Allow necessary PUSCH/PUCCH enhancements, for example
•	Rate matching for PUSCH (i.e. 1-slot PUSCH) 
•	Introduction of HARQ reference config
Observation 2
•	For CA case 	(especially FDD-TDD CA with SRS carrier switching) , 
•	Rate matched PUSCH transmission on PCell will be useful to make full use of UL resources on PCell. 
•	HARQ-ReferenceConfiig for SRS carrier switching is useful to avoid the collision between PUCCH and additional SRS, and RAN1 needs further study on the necessity of optimization.

	Ericsson
	In Rel-16, all symbols in one normal UL subframe can be used for SRS from cell perspective.
Cell-specific SRS configuration is not modified in Rel-16.


	Mitsubishi
	Proposal 1 : Support Option 2, “All symbols in one subframe can be used for SRS from cell perspective”
Proposal 2 : cell-specific configuration of SRS resources in slot-level granularity
Proposal 3 : Both slots in a subframe can be used for SRS transmission




For SRS resources in a cell, considering the options we achieved in last meeting, the views of companies are summarized as below:
-   Option 1: All symbols in only one slot of one subframe can be used for SRS from cell perspective
	-	With cell-specific configuration of SRS resources in slot-level granularity
		-	Huawei, HiSilicon, LGE, QC(at least one slot), Softbank
-	Without cell-specific configuration of SRS resources in slot-level granularity
		-	Intel, 
-   Option 2: All symbols in one subframe can be used for SRS from cell perspective. 
	-	With cell-specific configuration of SRS resources in slot-level granularity
		-	Mitsubishi
-	Without cell-specific configuration of SRS resources in slot-level granularity
		-	ZTE, Vivo, Intel, Lenovo, Moto, Samsung, Ericsson, Nokia, NSB
The reasons of option 1 include UCI transmission (impacts to DL performance), impacts to uplink transmission (UL throughput/PUSCH, PRACH), flexibility in SRS resource allocation etc. The reasons of option 2 include specification complexity, WID description etc. Based on the inputs, companies have diverse views on the SRS resource allocations for a cell. To move forward, the following is proposed
Observation 1: Further study on the SRS resources in one UL subframe/slot for a cell based on following aspects:
· Performance (e.g., DL performance improvement, degradation on UL performance including legacy UL for legacy UEs)
· Specification impact

UE specific SRS configuration and transmission
Periodic and aperiodic
On the support of periodic SRS transmission for additional SRS, the views of companies are summarized as below:
· Periodic: 
· Support: Huawei, HiSilicon, Lenovo, Moto, QC, LGE
· Not support: ZTE, Vivo, Samsung
· FFS: LGE (Collision handling with legacy RS and RS overhead control), Ericsson (trade-off between channel sounding accuracy and UL throughput impact), Mitsubishi (depends on maximum number of additional SRS symbols)
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:
Observation 2: Further study on periodic SRS triggering for additional SRS considering the gain and impacts to DL/UL performance.

Frequency hopping and repetition for additional SRS
The views of companies are summarized as below:
· Only support frequency hopping
· Samsung
· Only support repetition
· 
· Support both frequency hopping and repetition for additional SRS
· Intel, Nokia, NSB, QC, Huawei, HiSilicon, Vivo, ZTE, LGE

Based on the majority view, the following is proposed:
Proposal 1: Both intra-symbol frequency hopping and repetition are supported for additional SRS symbols.
· FFS whether periodically triggered additional SRS if it’s supported
· FFS whether legacy SRS is compatible with additional SRS symbols in frequency hopping and repetition.

Antenna switching for additional SRS
The views of companies are summarized as below:
· Antenna switching for additional SRS symbols within a normal UL subframe is supported:
· Supported: Nokia, QC, HW, Samsung, ZTE, Lenovo, vivo, Ericsson
· Not supported:
Based on majority view, the following is proposed:

Proposal 2: Intra-symbol antenna switching is supported for additional SRS symbols.
· FFS whether periodically triggered additional SRS if it’s supported
· FFS whether legacy SRS is compatible with additional SRS symbols in antenna switching.

Configuration
The views of companies are summarized as below:
On the configuration of additional SRS and legacy SRS:
· Separately: Intel, LGE, Qualcomm, vivo, Ericsson
· Jointly: 
On whether both legacy and additional SRS can be configured to the same UE:
· Support: Intel, Vivo
· FFS: QC, LGE
Based on the majority view, the following proposals are made for discussion:
Proposal 3: Additional SRS are independently configured from legacy SRS. FFS on whether both legacy SRS and additional SRS can be configured to the same UE.
	Company
	Proposals and comments

	Samsung
	We are not so sure on the exact meaning of “independently configured from legacy SRS”. Does it mean that the last symbol in a subframe is not included in the new configuration for additional SRS?

	ZTE
	Which parameters should be independently configured? The benefit of independent configuration for legacy symbol and additional symbols is not clear. We against this proposal unless the benefit can be justified. RRC signaling should also be saved. 

	Ericsson
	In our view, the last symbol can also be included for the additional SRS configuration.  This is because additional SRS symbols may be triggered in a UL normal subframe where the UE may not be configured to transmit legacy SRS.  Hence, whether the last symbol is included or not in the additional SRS can be left up to eNB configuration.

	LGE
	We think Proposal 3 by FL is intended as “the whole related configuration for additional SRS and that for legacy are independently configured, not some part of parameters”, so that always symbol-level TDM (similar to Rel-13 enhanced SRS) between additional SRS configuration and legacy SRS configuration seems sufficient and safer to avoid any possible overlap to the legacy SRS symbol. 



Power control
The views of companies are summarized in following table
	Sourcing
	Related proposals/comments

	Huawei, HiSilicon
	Proposal 1: For additional SRS, re-use the power control mechanism defined for carriers without PUSCH/PUCCH, where higher layer parameters,  and,  can be independently configured for SRS and PUSCH.
Proposal 2: Apply DCI format 3B to indicate the power adjustment of SRS even PUSCH/PUCCH is configured for the carrier.


	Vivo
	Observation4: simultaneous SRS and other uplink channels transmission can be considered, and SRS power control mechanisms need to be enhanced.

	QC
	Proposal 8: Consider flexible power control (i.e., different open loop/close loop parameters) at least for additional SRS symbols.


	Nokia, NSB
	Proposal 5: Study further if modifications to SRS power control operation is specified for additional SRS symbols.

	Samsung
	Power control enhancement for SRS with VCID configuration: Performance benefit of enabling independent power control comes when a UE is configured with multiple VCIDs. Considering such aspects, support of independent power control can be discussed after deciding whether support of group-specific VCID configuration is needed or not.



Based on the companies’ views, the following can be observed:
Observation 3: Companies are invited to further study on power control enhancements for SRS.

UCI and UL-SCH transmission
The views of companies are summarized in following table
	Sourcing
	Related proposals/comments

	Huawei, HiSilicon
	Proposal 2: Support the configuration of all symbols in only one slot of a subframe used for SRS from a cell perspective. The cell-specific configuration of SRS resources in slot-level granularity is required to enable PUCCH/PUSCH rate matching around additional SRS.


	ZTE
	Proposal 2: PUSCH rate matching should not be changed due to additional SRS symbols for LTE Rel-16 UE.

	LGE
	Proposal 4: PUSCH rate matching behaviour is extended considering both legacy and Rel-16 cell-specific SRS regions together on a given scheduled UL subframe.


	QC
	Proposal 10: Consider how to do rate matching/shortening in a normal uplink subframe containing self and/or intra-cell SRS using more than one symbol in a normal uplink subframe.
Proposal 11: Consider flexible SRS configurations for PUSCH/PUCCH rate matching.


	Softbank
	Observation 1
•	For non-CA case,
•	Allow necessary PUSCH/PUCCH enhancements, for example
•	Rate matching for PUSCH (i.e. 1-slot PUSCH) 
•	Introduction of HARQ reference config
Observation 2
•	For CA case 	(especially FDD-TDD CA with SRS carrier switching) , 
•	Rate matched PUSCH transmission on PCell will be useful to make full use of UL resources on PCell. 
HARQ-ReferenceConfiig for SRS carrier switching is useful to avoid the collision between PUCCH and additional SRS, and RAN1 needs further study on the necessity of optimization.

	Samsung
	Potential impacts on PUCCH or PUSCH: It is obviously captured that PUCCH and PUSCH are not in the scope of this WI. Note that there were some discussions on this issue in RAN#81 meeting but nothing had been changed yet. Given the situation, we propose to focus on the current scope of this WI, i.e. increasing the numbers of SRS symbols on a UL normal slot. In other words, enhancements on cell-specific SRS configuration for PUSCH/PUCCH rate matching is not in the scope of this WID. This gives us a proper answer for the FFS point on the need of cell-specific configuration of SRS resources in normal subframes.

	Ericsson
	Similar view as Samsung that discussions related to PUSCH rate matching are out of the scope of the WID.  So when discussing ‘how to transmit UCI or UL-SCH data when configured with additional SRS symbols’, we should keep in mind that PUSCH and PUCCH enhancements are out of scope.


Based on the input, the following is proposed:
Observation 4: Invite companies to provide analysis on how to transmit UCI or UL-SCH data when configured with additional SRS symbols.

Sequence generation with introduction of virtual cell ID
On the group/sequence hopping when virtual cell ID is introduced:
· Per OFDM symbol changing
· Intel, QC, Huawei, HiSilicon, ZTE, LGE
· As legacy
· Ericsson
· Further study
· Samsung
And the details of group/sequence hopping of proponents are:
	Sourcing
	Proposals

	ZTE
	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 1: 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.


	Intel
	Proposal 1: Use the following formula for group hopping for Rel-16 multi symbol SRS resource, where ‘l’ is the symbol index within a sub-frame






Based on companies’ inputs, the following is proposed:
Proposal 4: At least for additional SRS, the per-symbol group hopping and sequence hopping are supported. FFS details.

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

	Vivo
	A single virtual cell ID is configured per UE per CC which is separately configured for legacy SRS and additional SRS

	ZTE
	Proposal 4: For SRS sequence generation, SRS sequence can be generated by using cell ID in the last symbol, while using virtual cell ID in additional SRS symbols.

	Nokia
	Proposal 1: UE can be configured to use physical cell ID based SRS transmission in legacy SRS symbols and virtual cell ID based SRS transmission in the new additional SRS symbols.

	QC
	Cell ID and virtual cell ID can be configured for last SRS symbol.
Cell ID and virtual cell ID can be configured for additional SRS symbols.

	LGE
	For additional SRS, if virtual cell ID(VCID) is configured, the VCID is used for additional SRS.
For legacy SRS symbol, support option 2 below.


Based on the inputs, the following is proposed:
Proposal 5: For the legacy SRS, down-selected from following options:
· Option 1: The configured virtual cell ID also applies to legacy SRS.
· Option 2: The configured virtual cell ID does not apply to legacy SRS.
· Option 3: An independently configured virtual cell ID for legacy SRS applies to legacy SRS.
· Option 4: RRC signaling is to select between configured virtual cell ID and cell ID for legacy SRS.
Proposal 5a: For additional SRS symbols, downselect from following options:
· Option 1: Only the configured virtual cell ID can be applied.
· Option 2: RRC signaling is to select between configured virtual cell ID and cell ID.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this contribution, the inputs are summarized and following proposals are made based on the inputs:
Observation 1: Further study on the SRS resources in one UL subframe/slot for a cell based on following aspects:
· Performance (e.g., DL performance improvement, degradation on UL performance including legacy UL for legacy UEs)
· Specification impact
Observation 2: Further study on periodic SRS triggering for additional SRS considering the gain and impacts to DL/UL performance.
Observation 3: Companies are invited to further study on power control enhancements for SRS.
Observation 4: Invite companies to provide analysis on how to transmit UCI or UL-SCH data when configured with additional SRS symbols.


Proposal 1: Both intra-symbol frequency hopping and repetition are supported for additional SRS symbols.
· FFS whether periodically triggered additional SRS if it’s supported
· FFS whether legacy SRS is compatible with additional SRS symbols in frequency hopping and repetition.
Proposal 2: Intra-symbol antenna switching is supported for additional SRS symbols.
· FFS whether periodically triggered additional SRS if it’s supported
· FFS whether legacy SRS is compatible with additional SRS symbols in antenna switching.
Proposal 3: Additional SRS are independently configured from legacy SRS. FFS on whether both legacy SRS and additional SRS can be configured to the same UE.
Proposal 4: At least for additional SRS, the per-symbol group hopping and sequence hopping are supported. FFS details.
Proposal 5: For the legacy SRS, down-selected from following options:
· Option 1: The configured virtual cell ID also applies to legacy SRS.
· Option 2: The configured virtual cell ID does not apply to legacy SRS.
· Option 3: An independently configured virtual cell ID for legacy SRS applies to legacy SRS.
· Option 4: RRC signaling is to select between configured virtual cell ID and cell ID for legacy SRS.
Proposal 5a: For additional SRS symbols, downselect from following options:
· Option 1: Only the configured virtual cell ID can be applied.
· Option 2: RRC signaling is to select between configured virtual cell ID and cell ID.
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