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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#82bis [1], following agreements were made on retuning between downlink narrowbands.
Agreements:
· For retuning between DL narrowbands, and from UL to DL (for TDD)
· RAN1 assumes that UE uses at most the first 2 OFDM symbols in legacy control region as retuning time
· eNB starts DL transmission using the CFI signaled in SIB1bis (for other transmissions than SIB1bis)
· UE behavior in case the CFI signaled in SIB1bis is smaller than 2 OFDM symbols is up to the UE implementation
Retuning between uplink narrowbands was also discussed but there was no conclusion. This contribution discusses the retuning between uplink narrowbands for MTC. This contribution also discusses collision handling between uplink transmissions related to retuning.
Discussion
Based on the reply LS from RAN4 [2], the maximum retuning time between narrowband region for MTC is 2 symbols including CP length (assuming normal CP). Therefore, following options could be considered for retuning between UL narrowbands.
-	Option 1: Discard at most the last 2 SC-FDMA symbols of an UL subframe as retuning gap
-	Option 2: Discard at most the first 2 SC-FDMA symbols of the following UL subframe as retuning gap
-	Option 3: Discard at most the last SC-FDMA symbol of an UL subframe and at most first SC-FDMA symbol of the 				following UL subframe as retuning gap.
-	Option 4: A guard subframe is inserted at every retuning occasion.

PUSCH
For PUSCH repetition, puncturing or rate-matching can be possible when Option 1, 2, or 3 is used and it does not matter which symbol is to be punctured. Option 4 would increase the required number of repetitions and UE power consumption. Therefore, for PUSCH perspective, Option 1, 2, or 3 would be desirable.
Observation 1:  From PUSCH perspective, to drop one subframe is not desirable option.

PUCCH format 1/1a/1b
For PUCCH repetition (especially PUCCH format 1/1a/1b), Option 1, 2, and 3 could have negative impact the orthogonality of OCC. Therefore, Option 4 might be desirable.
In RAN1#82bis, it was discussed that different options for PUSCH and PUCCH are strived to avoid. One possibility is Option 4 is chosen for both PUSCH and PUCCH. However, it would not be efficient especially when frequency hopping granularity YCH is small. Another possibility is Option 1, 2, or 3 is chosen for both PUSCH and PUCCH. In this case, the negative impact on the orthogonality of OCC for PUCCH should be considered.
When Option 1 or 2 is taken, the orthogonality of OCC can be kept by restricting the use of OCCs. If the use of OCC is restricted to [1, 1, 1, 1] and [1, -1, 1, -1], partial orthogonality can be kept between first 2 SC-FDMA symbols (1st and 2nd symbols in slot) and last 2 SC-FDMA symbols (6th and 7th symbols in slot). Even when last 2 SC-FDMA symbols or first 2 SC-FDMA symbols are punctured, the orthogonality among OCCs can be kept. It can be realized by setting c=2 in 5.4.1 of TS36.211. If the use of OCC is restricted, the resource availability can be reduced to 2/3. The resource efficiency for Option 1 or 2 with OCC restriction of c=2 could be described as 2(YCH1+12/14)/YCH, while resource efficiency when drop 1 subframe for retuning (Option 4) with c=3 could be described as 3(YCH1)/YCH. If YCH >2.72, to drop 1 subframe for retuning is more efficient from PUCCH resource utilization perspective. Therefore, c is configurable according to YCH would be another possibility. CE mode A uses Option 1 or 2 with c=2 and CE mode B uses Option 4 with c=3 are also possible option.
Observation 2:  If YCH >2.72, to drop 1 subframe is more efficient from PUCCH format 1/1a/1b resource usage. If YCH <=2.72, to restrict OCC usage is more efficient.

When Option 3 is taken, shortened PUCCH can be utilized to keep the orthogonality. For the subframe before retuning, shortened PUCCH format can be directly applied. For the following subframe, if shortened format is directly used, timing coordination (1 symbol timing offset) would be needed. However if symbol delay is used, DMRS position is also shifted and channel estimation related part implementation gets complicated. Therefore if option 3 is taken, modification of PUCCH format would be needed. The location of data symbols is changed to puncture the first SC-FDMA symbol.
Observation 3:  From PUCCH format 1/1a/1b perspective, discard the last and the first SC-FDMA symbol is not desirable option.

PUCCH format 2/2a/2b
From PUCCH format 2/2a/2b perspective, Option 3 is better because option 1 or 2 punctures one DMRS symbol and it would degrade demodulation performance. On the other hand, PUCCH format 2/2a/2b is rather deprioritized channel and to drop is possible. In addition, option 3 influences two subframes and this make the realization of retuning more complicated.
Observation 4:  From PUCCH format 2/2a/2b perspective, to drop the PUCCH format 2/2a/2b subframe is acceptable solution.

Control channel error handling
When the narrowbands for PUSCH and PUCCH are different, PUCCH transmission followed by PUSCH or vice versa needs retuning. In this case, false detection of M-PDCCH for UL grant should be considered. If UE cannot detect the M-PDCCH for UL grant, UE does not transmit PUSCH and there is no need to reserve retuning gap. In Option 3, eNB expects that UE transmits PUCCH format 1/1a/1b by shortened format (or modification of shortened format) but actually UE transmits PUCCH format 1/1a/1b by normal format since there is no need to reserve retuning gap. Above problem could be solved by using Option 1, 2, and 4 as there is no need to change the PUCCH format. Optimized solution could be Option 1 for the retuning from PUSCH to PUCCH and Option 2 for the retuning from PUCCH to PUSCH but it may not so preferred because of the complexity and commonality between PUSCH and PUCCH.
Observation 5:  From control channel error handling perspective, discard the last and the first SC-FDMA symbol is not desirable option.

Considering above discussion, our proposal is:
Proposal 1: Discard at most the last 2 SC-FDMA symbols of an UL subframe is taken as retuning between uplink narrowbands. 
Proposal 2: The use of OCC for PUCCH format 1/1a/1b is restricted to c=2 to keep the orthogonality of OCC. For CE mode B, drop the subframe for PUCCH format 1/1a/1b without the use of OCC is possibility.
Proposal 3: For PUCCH format 2/2a/2b, drop PUCCH format 2/2a/2b subframe before/after retuning.

Collision handling between uplink transmissions related to retuning
As MTC UEs only support 1.4MHz (i.e. one narrowband) in the same subframe, to support several transmissions in the different narrowband in the same subframe is impossible (for example, PUSCH is transmitted in narrowband A and SRS is transmitted in narrowband B in the same subframe is impossible). Therefore, the narrowband selection priority should be considered. The generic priority rule would be ACK/NACK > PUSCH > CSI > SRS. Downlink is more capacity limited than UL and then, ACK/NACK is prioritized. On CSI feedback, even if dropping periodic CSI, the system could work. Therefore, assigned PUSCH is prioritized than CSI. We further discuss the collision handing behavior between ACK/NACK and PUSCH in [3].
On SRS, 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 need 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 subframe in the next subframe. 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. 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.
Proposal 4: The generic priority rule is ACK/NACK > PUSCH > CSI > SRS.
Proposal 5: If aperiodic SRS is supported, how to support flexible SRS transmission should be considered.

Conclusion
This contribution discusses the retuning between uplink narrowbands for MTC and we have the following proposals:

Proposal 1: Discard at most the last 2 SC-FDMA symbols of an UL subframe is taken as retuning between uplink narrowbands. 
Proposal 2: The use of OCC for PUCCH format 1/1a/1b is restricted to c=2 to keep the orthogonality of OCC. For CE mode B, drop the subframe for PUCCH format 1/1a/1b without the use of OCC is possibility.
Proposal 3: For PUCCH format 2/2a/2b, drop PUCCH format 2/2a/2b subframe before/after retuning.
Proposal 4: The generic priority rule is ACK/NACK > PUSCH > CSI > SRS.
Proposal 5: If aperiodic SRS is supported, how to support flexible SRS transmission should be considered.
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