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1 Introduction

This contribution summarizes the informal email discussion on issues related to the SRS support for Rel-13 low-cost / coverage-enhancement UEs.

2 Discussion
Question 1: Should SRS be supported for CE mode A?
	Company
	Comments

	InterDigital
	Yes, it may be needed for link adaptation for uplink (both TDD/FDD) as well as DL MIMO operation

	Samsung
	Yes because for low cost UEs, UL link adaptation is more important than DL one (UL-dominant traffic, UE power consumption).

	Ericsson
	No, our preference is not to support SRS in CE mode A, same as CE mode B.

	Panasonic
	We are not so sure how to support periodic SRS and aperiodic SRS The details are noted in Q2.

	Huawei
	Yes, SRS should be supported in CE Mode A. This Mode is used also for UEs with no repetition at all, and it is desirable to still have link adaptation capability for those UEs as well when the UE is not repeating many times.

	Sony
	Only single or aperiodic SRS used in Mode A.

	Intel
	Agree with Ericsson and prefer not to support SRS as the benefit vs. complication/spec efforts is not very convincing. May be OK to support A-SRS for CE mode A (if majority supports), but SRS is not repeated.

	Qualcomm
	Yes

	ALU
	No strong view.

	LG
	We consider A-SRS and P-SRS can be supported without SRS repetition assuming low spec impact. Particularly, no repetition case, we think SRS can be supported. We are fine to deprioritize the discussion on SRS.

	ZTE
	Support periodic SRS for link adaptation. No need to support A-SRS.


Question 2: If SRS should be supported for CE mode A, how should existing SRS procedure be modified?
	Company
	Comments

	InterDigital
	No strong view, try to reuse existing SRS as much as possible.

	Samsung
	Rel-12 procedure based on 4 RB SRS transmission BW.

	Nokia
	The existing SRS procedure should be maintained, but reduced signaling of UE-specific SRS configuration for LC-MTC UEs can be considered.

	Ericsson
	No, our preference is not to support SRS in CE mode. 
· In the case RAN1 agrees to support SRS for CE mode A, then only aperiodic SRS is supported.

	Panasonic
	It is not clear how to support SRS related to retuning. If SRS is transmitted in the different narrowband from the PUSCH/PUCCH, retuning is needed before and after SRS transmission. It means last 3 symbols are lost from PUSCH/PUCCH in the subframe where SRS is transmitted and first 2 symbols are lost in the next subframe. The assumption is within last 3 symbols, two are for retuning from PUSCH/PUCCH to SRS and one is for SRS. First 2 symbols of next subframe are used for retuning from one SRS to next PUSCH/PUCHH. It reduces resource efficiency and complicates UE behavior. Therefore, SRS is deprioritized. On the support of SRS, to restrict SRS only within the same narrowband with PUSCH is not so attractive from scheduling/link adaptation perspective. In addition, in that case, DMRS may realize same function of SRS. Therefore, how to support flexible SRS transmission should be considered. One possibility would be aperiodic SRS without PUSCH/PUCCH indicated by DCI format 3/3A type design.

	Huawei
	For CE Mode A, support of SRS is not expected to be as challenging as in Mode B, since in at least some cases there is no PUSCH/PUCCH repetition, and in cases of small repetitions, there might not need to be any retuning. It may be necessary to exclude support for SRS in certain cases of unfortunate scheduling to avoid too much harm to PUSCH/PUCCH, and we may need to consider the relationship between hopping of especially PUSCH and SRS – we may save some scheduling trouble if we try to align them where possible.

	Sony
	Support “single” or aperiodic SRS and the eNB to ensure PUSCH/PUCCH is not transmitted when SRS is transmitted in another narrowband to avoid retuning during PUSCH/PUCCH transmission.

	Intel
	Reuse existing SRS design – limited to 4 PRBs BW.

	Qualcomm
	Use Rel-12 SRS with 4RB bandwidth.

	ALU
	If supported, then reuse 4 PRB BW

	LG
	Use Rel-12 SRS with 4 RB BW

	ZTE
	When there are a small number of Rel-13 MTC UEs in the cell, eNB may schedule these MTC UEs in a few narrowbands. In this case, SRS transmission in all narrowbands is unnecessary and energy-inefficient. Therefore, configuration of narrowbands for periodic SRS transmission may be considered. Rel-13 MTC UEs only transmit SRS in the configured narrowbands.


Question 3: For CE mode B, should PUSCH be punctured when colliding with cell-specific SRS in a subframe?
	Company
	Comments

	InterDigital
	Yes, it is a legacy behavior and no reason to change the UE behavior for eMTC.

	Samsung
	This is not relevant to whether LC UEs support SRS transmission. The answer can depend on the RAN4 response regarding phase continuity if the UE stops PUSCH transmission in order to avoid colliding with (legacy) SRS. OK to puncture if PUSCH phase continuity is maintained (i.e. RF is not affected by suspension of PUSCH transmission). Otherwise, as the collision will be over 1 RB of the wideband SRS and as the interference from the (Mode B) LC UE will be below the inter-cell interference level, it is preferable to not puncture PUSCH in order to avoid losing phase continuity.

	Nokia
	The legacy behavior should be maintained, i.e., the PUSCH should be punctured when colliding with cell-specific SRS in a subframe.

	Ericsson
	Yes, puncture PUSCH as in legacy system. We prefer a unified behavior for all cases. 

· Puncturing is naturally the case when there is no issue of phase continuity, for example, for last PUSCH symbol in a frequency hopping period, or last symbol of PUSCH repetition if frequency hopping is disabled. (Note that this conveniently introduces some retuning gap time as well.) 

· Even if RAN4 responds that there is phase continuity issue when puncturing in the middle of PUSCH repetition, puncturing is still preferred. Phase continuity only means the PUSCH before puncturing and after puncturing cannot share the same channel estimation window across subframes in time. Modulation symbols of PUSCH before and after puncturing can still be combined at the receiver.

	Panasonic
	We agree with Samsung’s comment that the answer can depend on the RAN4 response on phase continuity. In the case RAN4 concludes reserving SRS symbol introduces the phase discontinuity, the repetition timing needs to be aligned with cell specific SRS configuration. This would impact where YCH boundary can be configured from the specification perspective. If RAN4 concludes reserving SRS symbol does not introduce the phase discontinuity in the transmitted signal, brute force puncturing the last SC-FDMA symbol is applied for PUSCH repetition if the subframe is collided with cell-specific SRS configuration.

	Huawei
	We should wait to hear from RAN4 before deciding the procedure for this, as the LS was sent with this and similar issues in mind. On Aris’s point about low-interference from a Mode B UE, it seems there is a related issue we should think about in the meantime: whether the likelihood of multiple eMTC NBs in Mode B each hurting non-MTC SRS for potentially sustained periods is more problematic than the single PRB case described (and also if frequency hopping of PUSCH and SRS hurts or helps the matter).

	Sony
	We prefer puncturing of PUSCH on collided subframe.

	Intel
	Yes, puncture PUSCH on cell-specific SRS subframes.

	Qualcomm
	Yes

	ALU
	Yes, puncture PUSCH on cell-specific SRS subframes

	LG
	Yes, prefer puncture PUSCH

	ZTE
	Yes puncture PUSCH.


Question 4: For CE mode B, should PUCCH be punctured or shortened when colliding with cell-specific SRS in a subframe?
	Company
	Comments

	InterDigital
	A shortened PUCCH may be used always in a cell-specific SRS subframe irrespective of the ackNackSRS-SimultaneousTransmission state as a simple solution.

	Samsung
	PUCCH resources for Mode B UEs should be in different PRBs than PUCCH resources for Mode A or for legacy UEs. Same answer as for Q3 in case of BW overlapping with legacy SRS. If there is no BW overlapping between PUCCH PRB and legacy SRS, there is no PUCCH puncturing if ackNackSRS-SimultaneousTransmission is set to ‘False’ – existing (Rel-12) behavior is maintained.

	Nokia
	The shortened PUCCH format is always used for PUCCH transmission in cell-specific SRS subframes.

	Ericsson
	Since cell-specific SRS configuration ackNackSRS-SimultaneousTransmission is broadcast to LC/CE UE, the UE uses it to determine if normal or shortened PUCCH format should be used (same as in legacy). Note that the MTC ackNackSRS-SimultaneousTransmission parameter can be set differently from the ackNackSRS-SimultaneousTransmission for legacy UE, depending on if the MTC PUCCH region collides with cell-specific SRS.

	Panasonic
	If one or more subframes during the period of symbol level combining contains cell-specific SRS subframe, to allow symbol level combining, we propose following two options. Option A) If retuning symbols are the last SC-FDMA symbol and the first SC-FDMA symbol, shortened PUCCH format is used for every subframe. For PUCCH whose first symbol is punctured, shortened PUCCH format is transmitted from 2nd to 14th SC-FDMA symbol. Option B) If retuning symbols are the last two SC-FDMA symbols, the last 2 SC-FDMA symbols in PUCCH is punctured for every subframe and the use of OCC is restricted to 2.

	Huawei
	We can use shortened PUCCH as long as the retuning supports it.

	Sony
	If symbol level combining is used at eNB, then either use shortened PUCCH for all subframes or puncture only cell-specific SRS subframes.

	Intel
	Always use shortened PUCCH in a cell-specific SRS subframe.

	Qualcomm
	Use shortened format if overlap with cell-specific SRS

	ALU
	Use shortened PUCCH in a cell-specific SRS subframe.

	LG
	We agree with Ericsson. Different configuration can be considered depending on whether PUCCH resource between legacy and MTC are shared or not.

	ZTE
	Can be based on ackNackSRS-SimultaneousTransmission.


3 Summary and Proposal
Question 1: Should SRS be supported for CE mode A?
	Summary:

· Yes: InterDigital, Samsung, Huawei, Sony, Qualcomm, LG, ZTE

· No: Ericsson, Intel

· May be ok with A-SRS only if majority support SRS for Mode-A
Proposal:

· Support at least A-SRS for CE mode A

· FFS: 
· P-SRS support for CE mode A


Question 2: If SRS should be supported for CE mode A, how should existing SRS procedure be modified?
	Summary:

· Reuse Rel-12 SRS with 4 PRB BW:

· InterDigital, Samsung, Nokia, Intel, Qualcomm, ALU, LG

· Avoid or minimize impacts of retuning for PUSCH/PUCCH and SRS transmissions in the same subframe:

· Sony, Panasonic, Huawei

· Narrowband restriction in case that P-SRS is supported:

· ZTE
Proposal:

· If SRS is supported for Mode A, the SRS transmission is based on Rel-12 SRS with 4PRB BW

· FFS:

· PUSCH/PUCCH and SRS transmission is not allowed in the same subframe

· Narrowband restriction in case that P-SRS is supported


Question 3: For CE mode B, should PUSCH be punctured when colliding with cell-specific SRS in a subframe?
	Summary:

· Puncture the last symbol of PUSCH when it collides with cell-specific SRS:

· InterDigital, Nokia, Ericsson, Sony, Intel, Qualcomm, ALU, LG, ZTE

· Wait until RAN4 replies the impact of phase discontinuity when the last PUSCH symbol is punctured within the repetitions:

· Samsung, Panasonic, Huawei
Proposal:

· Agree on PUSCH puncturing when it collides with a cell-specific SRS as a working assumption

· Revisit if RAN4 indicate the phase discontinuity is impacted by PUSCH puncturing


Question 4: For CE mode B, should PUCCH be punctured or shortened when colliding with cell-specific SRS in a subframe?
	Summary:

· Use shortened PUCCH always in a cell-specific SRS subframe:

· InterDigital, Nokia, Intel, ALU

· Use shortened PUCCH when it overlaps with cell-specific SRS

· Qualcomm

· The use of shortened PUCCH in a cell-specific SRS subframe based on the configuration of ackNackSRS-SimultaneousTransmission (i.e. legacy UE behaviour)
· Samsung, Ericsson, ZTE, LG

· It depends on the definition of retuning symbol for uplink

· Panasonic, Huawei
Proposal:

· Study further on the options mentioned above
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