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1. Introduction

Several aspects of dynamic aperiodic SRS were discussed at RAN1 #61 meeting. It was agreed that

1. One-shot SRS transmission is supported.

2. In case of DCI format 0 is used for SRS triggering, size of DCI format 0 remains the same as defined in Rel8 at least in common search space

This report presents the outcome of an email discussion, which was held to progress on a number of outstanding aspects including

a. Support of other SRS durations is FFS 

b. Resources used for aperiodic SRS

c. Support of aperiodic triggering by DL grant?

d. In case of UL triggering, allow triggering without PUSCH grant?

e. Support of group triggering
24 companies participated in the email discussion. A summary of companies’ views is presented in Section 2, while detailed views are shown in the Appendix.

2. Summary
2.1. Support of other SRS durations

Yes: 15 companies support multi-shot SRS transmission, including Alcatel Lucent, Alcatel Lucent Shanghai Bell, ZTE, Texas Instruments, Potevio, Sharp, Samsung, Motorola, RIM, LG Electronics, KDDI, Mediatek, InterDigital, Huawei, and Fujitsu.
Qualified support (dependent on activation in DL grant): CATT, Nokia, Nokia Siemens Networks 

Needs further investigation: Ericsson, ST-Ericsson, NTT DOCOMO, HTC

No: Panasonic, Qualcomm, Pantech

Recommendation:

· Some further discussion is required at this meeting.
· At least determine benefits and/or performance metrics for evaluation

2.2. Resources used for aperiodic SRS

· Prevailing view (23 companies) is that, at least, the Rel-8 cell-specific sounding resources are shared between periodic and aperiodic sounding. Furthermore, UE-specific sounding resources can be configured separately.

· Extension to DMRS/inband sounding: two companies (Fujitsu and Huawei) support. Huawei would prefer the DMRS as the primary resource for aperiodic sounding. Some other companies (NTT DOCOMO, Samsung, Sharp, RIM and Texas Instruments) see this as an additional sounding resource that should be considered. 
Recommendation:

· Agree that Rel-8 cell-specific sounding resources are shared for periodic and aperiodic SRS transmission in Rel-10

· UE-specific sounding parameters may not be shared (note that at least one of the comb, cyclic shift or subframe offset must be different).
· Strive for agreement on sounding subframe timing after the triggering subframe (e.g. SRS transmission in subframe n+k in response to a trigger in subframe n).
· Extension to DMRS/inband sounding requires further discussion.
2.3. Support of aperiodic triggering by DL grant

· Yes (some or all DL DCI formats): Alcatel Lucent, Alcatel Lucent Shanghai Bell, ZTE, CATT, Potevio, Nokia, Nokia Siemens Networks, Motorola

· No: Panasonic, Fujitsu, LG Electronics, NTT DOCOMO (at least for FDD)
· FFS: Ericsson, ST-Ericsson, Texas Instruments, Huawei, Samsung, Sharp, RIM, Qualcomm, KDDI, InterDigital, HTC, Pantech

Recommendation
It is difficult to reach consensus without further study. Key questions include:

· Benefits/motivation?

· Which DL DCI formats would be affected?
2.4. In case of UL triggering, whether to allow triggering without PUSCH grant
· Yes: Samsung, Panasonic, Huawei, Fujitsu, Pantech, InterDigital, HTC, Nokia, Nokia Siemens Networks
· No: Alcatel Lucent, Alcatel Lucent Shanghai Bell, ZTE, CATT, Potevio, Motorola, RIM, Qualcomm, Ericsson, ST-Ericsson, Texas Instruments
· FFS: LG Electronics, NTT DOCOMO
Recommendation: It is difficult to reach consensus without further study. Further discussion is required. 

2.5. Support of group triggering
· Yes (some or all DL DCI formats):, Motorola, Mediatek, HTC, Panasonic (for TDD)

· No (at least for Rel-10): Alcatel Lucent, Alcatel Lucent Shanghai Bell, Texas Instruments, Qualcomm, NTT DOCOMO, RIM
· FFS (or linked to support of triggering in DL DCI format): Ericsson, ST-Ericsson, Huawei, InterDigital, Fujitsu, LG Electronics, Samsung, Potevio, Nokia, Nokia Siemens Networks, Pantech, CATT, ZTE
Observation: Majority companies see this as unnecessary, FFS, should be considered in a later release, or they give conditional support based on the decision on triggering in DL DCI formats.

Recommendation: RAN1 should strongly consider if this is possible in Rel-10.

Appendix
3. Support of other SRS durations

	Company
	Comments

	ALU/ASB
	Support multiple SRS through RRC configuration 

	Panasonic
	Only one shot dynamic aperiodic SRS is sufficient.

	ZTE
	Timer-based aperiodic SRS transmission can be supported and the timer duration can be configured by higher layers.

	Texas Instruments
	Multi-shot aperiodic SRS transmission should be supported. Note that this feature is similar in purpose to Rel-8/9 subframe bundling.

	CATT
	If triggering in DL assignment is supported it seems to be not necessary, otherwise shall be considered.

	Potevio
	Support multiple SRS via higher layer signaling.

	Sharp
	Support.

We think SRS duration can improve the scheduling flexibility and performance. A one-shot SRS is a valid subset of a multi-shot SRS, thus it is very logical to support multi-shot SRS as a response to a single trigger, with one-shot obviously allowed as a subset. 

	Samsung
	Most additional benefits are from semi-persistent transmissions.

	Motorola
	Multi-shot aperiodic SRS should be supported with duration configured by higher-layers.

	NNSN
	Agree with CATT. If triggering with DL assignment  is supported there seems to be sufficient flexibility in the triggering with low PDCCH overhead.

	RIM
	Multi-shot aperiodic SRS should be supported.  FFS whether duration is dynamically or semi-statically configured.

	LG Electronics
	Multiple shot SRS transmission could be considered for coverage enhancement, reducing PDCCH overhead

	Qualcomm
	One-shot aperiodic SRS is sufficient.

	KDDI
	Support multi-shot aperiodic SRS transmission. Note that the consumption of CCE resources in PDCCH should be minimized even for aperiodic SRS transmissions.

	Pantech
	One-shot aperiodic SRS is sufficient. The multiple-shot SRS transmission may require quite a few subframes to measure/estimate the whole channel BW, which may bring certain performance issues.

	Mediatek
	Multi-shot should be supported, so as to address the coverage issue. However, the number of the choices for multi-shot duration should be limited, based on the further analysis.

	Fujitsu
	Multi-shot aperiodic SRS transmission could be considered.

	InterDigital
	Multi-shot aperiodic SRS should be supported. Duration could be configured by higher layers to avoid increasing the number of bits included with the trigger.

	Huawei
	Supported. A single trigger can generate sounding over N>1 transmission instants where N is a configurable and finite integer. It is beneficial due to reduced control overhead when performing wideband sounding by multiple narrowband sounding transmissions or when improving the sounding SINR by repeated sounding of the same bandwidth.

	NTT DOCOMO
	Currently, we have no motivation to support this. Although this may be useful for coverage, further investigation is needed.

	Ericsson, ST-Ericsson
	Further evaluations are needed in order to understand which durations, in addition to single shot and periodic transmission, offer benefit.

	HTC
	Further investigation on Multi-shot aperiodic SRS is needed.


4. Resources used for aperiodic SRS

	Company
	Comments

	ALU/ASB
	Aperiodic SRS resources are separately configured and not shared with periodic SRS.  

	Panasonic
	Rel.8 cell specific SRS resources should be utilized by dynamic aperiodic SRS. It is eNB implementation matter whether the resource is separated or shared by dynamic aperiodic SRS and Rel.8/9 periodic SRS.  

	ZTE
	Share the view from Panasonic. And whether new resources are required for aperiodic SRS transmission can be FFS. In addition, multiple aperiodic SRS resources can be configured to UE to achieve flexibility of frequency location and/or bandwidth configuration and to relax the complexity of scheduler, similar to SPS AN resource allocation.

	Texas Instruments
	Baseline: Rel-8/9 sounding resources can be partitioned into two sets: one for Rel-8 periodic sounding, the other for aperiodic sounding. Set size is left to eNB implementation. Sounding using DMRS symbols can be considered in conjunction with OCC.

	CATT
	Higher layer configured, Rel.8 cell specific SRS resources can be reused

	Potevio
	Rel.8 cell specific SRS resource can be used by aperiodic SRS.

	Sharp
	We think the following two possibilities can be considered

(1) reuse of Rel-8 SRS subframes

(2) in-band aperiodic SRS (use a part of assigned PUSCH/DMRS as an aperiodic SRS) 

(1) is our first priority. (2) can also be supported because it can be used for cell-edge improvement without any scheduling restrictions.

The detail of (2) is FFS.

	Samsung
	There is no need to reserve separate resources and this may actually be detrimental in terms of overall overhead. Rel.8 resources should be used.

	Motorola
	Aperiodic and periodic SRS may share the same cell-specific SRS resources.  It is up to eNB implementation how SRS resource is configured and assigned.

	NNSN
	RRC configuration of the resources. The Cell specific configuration can be the same for periodic and aperiodic SRS. It would make sense to configure the UE specific parameters separately for periodic and aperiodic SRS. Whether the periodic and aperiodic resources are the same or not is up to eNB. 

	RIM
	Aperiodic and periodic SRS may share the same cell-specific SRS resources.  Aperiodic SRS resources are separately configured.

	LG Electronics
	The aperiodic SRS should be able to be configured based on the cell specific periodic SRS configuration defined in LTE Rel-8/9.

	Qualcomm
	Aperiodic and periodic SRS may share the same cell-specific SRS resources.  

	KDDI
	Considering the statistical multiplexing effect, it is better to share the Rel-8 SRS resources with the aperiodic SRS. The partitioning of the SRS resources between the periodic (in Rel-8) and aperiodic functions can be achieved through the eNB implementation.

	Pantech
	Aperiodic and periodic SRS share the same cell-specific SRS resources. In addition, UE-specific resources should also be shared to avoid possible performance degradation to periodic SRS.

	Mediatek
	Aperiodic and periodic should share the same cell-specific SRS resources.  No need to create new resources only for aperiodic SRS.

	Fujitsu
	Cell specific resource of periodic SRS can be shared with aperiodic SRS. In-band aperiodic SRS should also be supported.

	InterDigital
	Aperiodic and periodic SRS should share the same cell-specific SRS resources.  UE-specific parameters should be configured separately for aperiodic and periodic SRS. 

	Huawei
	DMRS is the resource to be used of dynamic aperiodic sounding, to avoid increased load on Rel.8 SRS and to provide better sounding quality than by using Rel.8 SRS. Using sounding-specific PRBs for sounding is FFS.

	NTT DOCOMO
	FFS. Additional resources other than Rel. 8 SRS resource, e.g., via DMRS, may be needed for multi-antenna support.

	Ericsson, ST-Ericsson
	Rel-8 cell-specific resources are used for both aperiodic and periodic sounding reference signals.

	HTC
	Aperiodic and periodic SRS may share the same cell-specific SRS resources.  It’s up to eNB implementation. UE-specific parameters could be configured separately.


5. Support of aperiodic triggering by DL grant

	Company
	Comments

	ALU/ASB
	Yes

	Panasonic
	No. We prefer to trigger SRS together with SRS parameters in the same size of DCI format 0. This approach can be used as the alternate of DL grant trigger even in case of FDD and TDD because this approach is irrelevant to UL/DL data assignment. So, we don’t think DL grant trigger is necessary.

	ZTE
	Yes

	Texas Instruments
	More study is required on which, if any, DL DCI formats can be used. Moreover, specification and testing impact if used in all DCI formats may eliminate the potential gain.  

	CATT
	Yes, at least shall be supported in some of the DL DCI formats.

	Potevio
	Yes

	Sharp
	FFS. It can be introduced if the standardization effort is small 

	Samsung
	FFS – need and overall support (not just triggering) should be demonstrated

	Motorola
	Yes

	NNSN
	We support triggering by DL assignment. FFS which of the DL DCI formats can be used for triggering. 

	RIM
	FFS: Would like a better understanding of the gains above that of using only UL grant.

	LG Electronics
	No. it is still unclear for necessity to trigger aperiodic sounding by DL grant.

	Qualcomm
	FFS

	KDDI
	FFS. We need to clarify the necessity of the DL grant for the aperiodic SRS before supporting this function.

	Pantech
	FFS

	Mediatek
	FFS since it is still unclear what the benefits are.

	Fujitsu
	No

	InterDigital
	FFS

	Huawei
	FFS, possible gains needs to be verified. Potential cases are limited to transmission modes 7 and 8 with DCI format 1a, 1 and 2b

	NTT DOCOMO
	Not support at least in FDD.

	Ericsson, ST-Ericsson
	To be considered in the context of downlink transmission modes.

	HTC
	FFS. Don’t see the need for now. 


6. In case of UL triggering, whether to allow triggering without PUSCH grant
	Company
	Comments

	ALU/ASB 
	No

	Panasonic
	DCI format 0 for SRS trigger with parameter can be sent regardless of the existence of PUSCH grant.  

	ZTE
	No

	Texas Instruments
	No

	CATT
	No

	Potevio
	No

	Samsung
	Yes. The primary purpose of dynamic SRS is to reduce SRS overhead. Using DCI format 0 (infrequent) achieves this goal and provides full flexibility in proper selection of dynamic SRS parameters. Other approaches are not precluded, but we’re not yet aware of any complete analysis for SRS overhead and proper functionality for dynamic SRS. 

	Motorola
	No

	NNSN
	We do not see a need to preclude this option assuming the standardization effort required is low. 

	RIM
	No. It is not yet clear to us that there is sufficient benefit to merit the required standardization effort.

	LG Electronics
	If dynamic reconfiguration of parameters for aperiodic SRS is needed, it can be also considered to trigger aperiodic SRS without PUSCH grant. FFS for other usages.

	Qualcomm
	No

	Pantech
	Yes, and we should not preclude this option as mentioned by NNSN.

	Mediatek
	No

	Fujitsu
	Yes. Dynamic reconfiguration of aperiodic SRS using DCI 0 without PUSCH grant can be considered.

	InterDigital
	Yes.  There is no need to preclude this option.

	Huawei
	Yes. It is useful when there is no data to send on uplink at the exact time when sounding is needed and to make measurements to re-initialize link adaptation for UEs with bursty traffic pattern. Standardization effort is minimal.

	NTT DOCOMO
	FFS. But this option may be useful for flexibility of setting aperiodic SRS resources.

	Ericsson, ST-Ericsson
	We do not see a strong need for this.

	HTC
	Yes. There is no need to preclude this option.


7. Support of group triggering
	Company
	Comments

	ALU/ASB
	Possible in future release but not in Release 10

	Panasonic
	For FDD, it would not be necessary. For TDD, the group triggering should be supported. 

	ZTE
	If triggering by both UL and DL grants is allowed, there is no need to support group triggering, otherwise, it can be considered.

	Texas Instruments
	By definition it implies location in the common search space, which is limited. Could be considered in a future release.

	CATT
	If triggering in DL assignment is supported it seems to be not necessary.

	Potevio
	If triggering in DL assignment is supported it is not necessary, otherwise at least it should be supported in TDD.

	Samsung
	Analysis showing the probability for triggering SRS transmissions from multiple UEs in the same sub-frame is first needed.

	Motorola
	Yes. Group-based triggering should be considered to minimize aperiodic SRS overhead.

	NNSN
	Group triggering is worth further study especially if triggering with DL grant is not supported. The standardization effort would need to be low to be able to include this feature into Release 10.

	RIM
	Possible for a future release.

	LG Electronics
	It needs to be further studied.

	Qualcomm
	No

	Pantech
	Share the view with NNSN.

	Mediatek
	Yes. Group triggering seems efficient for both single- and multi-carrier scenarios.

	Fujitsu
	FFS

	InterDigital
	Further study is needed.

	Huawei
	FFS

	NTT DOCOMO
	Currently, we see no use case of group triggering.

	Ericsson, ST-Ericsson
	For further studies since actual benefit unclear.

	HTC
	Yes, useful for multi-carriers and TDD scenarios
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