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1 Introduction

During RAN1#86bis, the following agreement was made with respect to SRS transmission timing and collision avoidance with HARQ-ACK transmissions in case the SRS triggering is by a DL assignment. 

Agreement:

· RRC signaling for HARQ reference configuration same (from RAN1 perspective) as in eIMTA (but not associated with eIMTA)

· Working assumption: RRC configure whether SRS flexible timing applies. No timing ambiguity between eNB and UE for SRS transmission is allowed. Details FFS.
Confirmation of the working assumption is conditioned on defining flexible SRS transmission timing in order for a UE to transmit SRS in the UpPTS of a special subframe and avoid a collision with a PUCCH transmission conveying HARQ-ACK. This contribution considers the SRS transmission timing. 

2  SRS Transmission Timing
The agreement for RRC signaling to define the reference configuration for DL HARQ timing can avoid collisions between SRS and PUCCH conveying HARQ-ACK from an associated DL assignment but there are some practical considerations that may limit its usefulness including rendering it useless. As typical UL/DL configurations are DL-heavy (and this is actually the case of interest for SRS carrier based switching) such as UL/DL configuration 2, the reference configuration for DL HARQ timing will need to be UL/DL configuration 5. Then, a UE will have to use PUCCH Format 3 (not an issue as it is a mandatory feature in TDD for DL CA capable UEs) but the resulting HARQ-ACK payload will be the maximum one and dual RM with spatial domain bundling will need to be used, thereby limiting the number of supportable UEs due to required SINR and, most importantly, not being able to support more than 2 DL cells (this is also an existing limitation in the specifications for the use of PUCCH Format 3 with UL/DL configuration 5). Therefore, in practice, the only way for a reference configuration for DL HARQ timing to be meaningful is to enable use of PUCCH Format 4 (preferably) or PUCCH Format 5. In Rel-13, use of PUCCH Format 4 of PUCCH Format 5 is not allowed for less than 6 DL cells. 
Proposal 1: PUCCH Format 4 needs to be supported by UEs capable of SRS carrier based switching when DL HARQ timing relies on a reference configuration. 

Adjusting the SRS transmission timing can be an alternative to using a reference configuration for DL HARQ timing. Rel-13 specifications [1] define that 

“A non-BL/CE UE configured for type 1 triggered SRS transmission on serving cell c upon detection of a positive SRS request in subframe n of serving cell c shall commence SRS transmission in the first subframe satisfying [image: image1.wmf]4
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where for FDD serving cell c [image: image6.wmf]{
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 is the subframe index within the frame [image: image7.wmf]f
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, for TDD serving cell c, if the UE is configured with the parameter srs-UpPtsAdd for trigger type 1, [image: image8.wmf]SRS
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 is defined in Table 8.2-3.”
For carrier switched SRS transmissions, the above definition of the SRS transmission subframe can be further conditioned on the UE not transmitting HARQ-ACK in the subframe, e.g. “ … shall commence SRS transmission in the first subframe satisfying [image: image10.wmf]4
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, and is not a subframe where the UE transmits HARQ-ACK in case of carrier switching for the SRS transmission, and …” (exact wording can of course be left to the editor). The above condition can be restricted to apply only when the capability for the UE for simultaneous UL transmissions on different cells is exceeded or can be left to apply in general. There is no SRS transmission timing ambiguity between the eNB and the UE as the UE will need to miss all DL scheduling assignments and the eNB will have to fail to detect absence of PUCCH transmission from the UE (such error cases exist in general in LTE) and, in the present case, the eNB needs to additionally fail to detect presence/absence of the SRS transmission.     
For example, for UL/DL configuration 2, if a UE is configured ISRS=2 corresponding to 
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 and the UE detects a DL assignment triggering an A-SRS transmission in subframe 
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, the existing SRS transmission timing defines subframe 
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 as the A-SRS transmission subframe and this is also the subframe where the UE transmits the HARQ-ACK in response to the detection of the DL assignment in subframe 
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. At least when the UE capability for the number of simultaneous UL transmissions in different cells is exceeded (for simplicity, it can also be considered to make this the default behavior for carrier-switched A-SRS transmissions regardless of whether or not the UE capability for simultaneous UL transmissions is exceeded), the UE can transmit the A-SRS in the special SF 
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 of the next frame. 

Proposal 2: When a carrier-switched A-SRS transmission is triggered by a DL assignment and the subframe of the A-SRS transmission is same as the subframe of the associated HARQ-ACK transmission, the next applicable subframe is used for the carrier-switched A-SRS transmission. 
3 Conclusions

This contribution considered collisions of SRS transmissions from a UE on cells without configured PUSCH/PUCCH transmissions for the UE and other UL transmissions from the UE. In particular, the following are proposed. 

Proposal 1: At least PUCCH Format 4 needs to be supported by UEs capable of SRS carrier based switching when DL HARQ timing relies on a reference configuration. 

Proposal 2: When a carrier-switched A-SRS transmission is triggered by a DL assignment and the subframe of the A-SRS transmission is same as the subframe of the associated HARQ-ACK transmission, the next applicable subframe is used for the carrier-switched A-SRS transmission. 
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