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Introduction
In RAN1#83 meeting [1], the agreement on uplink narrowband retuning for eMTC is listed as follows.
Agreement:
· Cases for UL retuning to consider:
· Case 1: UE retunes from PUSCH narrowband to PUSCH narrowband
· Case 2: UE retunes from PUCCH narrowband to PUCCH narrowband
· Case 3: UE retunes from PUCCH narrowband to PUSCH narrowband
· Case 4: UE retunes from PUSCH narrowband to PUCCH narrowband
· Case 5: UE retunes from PRACH narrowband to PRACH narrowband
· Options for how to define the UL retuning gap:
· Option A: Last two symbols of the earlier subframe
· Option B: Last symbol of the earlier subframe + first symbol of the later subframe
· Option C: Guard subframe (not needed according to results in R1-157472)
· Option D: First two symbols of the later subframe
· Agree on the following:
· Case 1: Option B
· Case 2: Option B
· Case 3: Option D
· Case 4: Option A 
· Case 5: up to the UE implementation
Above agreement is captured in section 5.2.5 “Guard period for narrowband retuning” of TS 36.211 CR [2]. However, our understanding is that there is no agreement on the following points.
· On PUSCH, whether puncturing or rate matching is used for the subframes with guard period
· On PUCCH, whether puncturing or shortened PUCCH format is used for the subframe with guard period
This contribution provides detailed discussions on the above points.
Discussion
Although this document discusses retuning behaviour, it would be worth to mention the agreement related to how guard period is realized for SRS. Following is the agreement in RAN1#83.
Agreement:
· For Mode A
· SRS request for A-SRS is transmitted in DCIs for UL and DL grant
· SRS is always dropped if retuning is required for PUSCH/PUCCH due to the SRS transmission
· The last symbol of PUSCH is rate-matched around if it collides with cell-specific SRS bandwidth (i.e., legacy behaviour)
· The shortened PUCCH is used in a cell-specific SRS subframe based on ackNackSRS-SimultaneousTransmission configuration signalled in MTC-SIB (i.e., legacy behaviour)
· For Mode B
· The last symbol of PUSCH is punctured if it collides with cell-specific SRS to allow symbol level combining
· The shortened PUCCH is used in a cell-specific SRS subframe based on ackNackSRS-SimultaneousTransmission configuration signalled in MTC-SIB (i.e., legacy behaviour)
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PUSCH
For PUSCH, puncturing or rate-matching are two possible behaviours for the subframes with guard period. For CE mode A, same behavior with SRS guard period (i.e., rate-matching) would be sufficient. On the other hand, for CE mode B, lower coding rate is expected and rate-matching and (brute-force) puncturing would be no performance difference in such condition. In order to allow symbol level combining as the implementation technique during the frequency hopping period Ych, IQ pair of the symbols needs to be same. This operation is realized by always using PUSCH with full subframe encoding and puncturing the SC-FDMA symbol(s) at the guard period. These proposed behaviours are same as the method to generate guard period for SRS for eMTC. 
Proposal 1: For CE Mode A, the SC-FDMA symbol(s) of PUSCH at guard period is rate-matched around.
Proposal 2: For CE Mode B, the SC-FDMA symbol(s) of PUSCH at guard period is (brute-force) punctured to allow symbol level combining.

PUCCH
For PUCCH, there is guard period only for Case 2 (UE retunes from PUCCH narrowband to PUCCH narrowband). For PUCCH format 1/1a, since just puncturing the first or last SC-FDMA symbol of PUCCH at guard period could impact on the orthogonality of the OCC, MTC UEs may use shortened PUCCH at the subframe with guard period.
For SRS collision handling, it was agreed that shortened PUCCH is used in a cell-specific SRS subframe based on ackNackSRS-SimultaneousTransmission configuration signalled in MTC-SIB (i.e., legacy behaviour) [1] for both CE Mode A and Mode B. Even if there are normal PUCCH and shortened PUCCH during the the frequency hopping period Ych, symbol level combining is possible by implementation (e.g., de-spreading is performed before demodulation). Therefore, same principle should be applied.
For the earlier subframe before retuning, shortened PUCCH can be directly applied. For the later subframe, if shortened PUCCH is directly used, timing coordination (1 symbol timing offset or delay) would be needed. However if symbol delay is used, DMRS position is also shifted and channel estimation related part implementation gets complicated. Therefore, modification of shortened PUCCH would be needed. The location of data symbols is changed to puncture the first SC-FDMA symbol. This is illustrated in Fig 1.
For PUCCH format 2/2a in CE Mode A, there is no impact on DM-RS. But it needs to discuss how to handle data symbols. We think to puncture the SC-FDMA symbol would be one approach as the simple realization.
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Fig.1 Modification of shortened PUCCH for the following subframe after returning with guard period

Proposal 3: For LC/CE UEs, in the earlier subframe before returning with guard period, for PUCCH format 1/1a, shortened PUCCH is used.
Proposal 4: For LC/CE UEs, in the following subframe after returning with guard period, for PUCCH format 1/1a, shortened PUCCH is used with a slight modification. The modification is the change of the location of data symbols while keeping the spreading factor of OCC to 3.
Proposal 5: For LC/CE UEs, in the earlier subframe before returning with guard period and the following subframe after returning with guard period, for PUCCH format 2/2a, the first or the last data SC-FDMA symbol is (brute-force) punctured. 

Conclusion
This contribution discusses the detailed behavior on the uplink narrowband retuning for eMTC and we have the following proposals:
Proposal 1: For CE Mode A, the SC-FDMA symbol(s) of PUSCH at guard period is rate-matched around.
Proposal 2: For CE Mode B, the SC-FDMA symbol(s) of PUSCH at guard period is (brute-force) punctured to allow symbol level combining.
Proposal 3: For LC/CE UEs, in the earlier subframe before returning with guard period, for PUCCH format 1/1a, shortened PUCCH is used.
Proposal 4: For LC/CE UEs, in the following subframe after returning with guard period, for PUCCH format 1/1a, shortened PUCCH is used with a slight modification. The modification is the change of the location of data symbols while keeping the spreading factor of OCC to 3.
Proposal 5: For LC/CE UEs, in the earlier subframe before returning with guard period and the following subframe after returning with guard period, for PUCCH format 2/2a, the first or the last data SC-FDMA symbol is (brute-force) punctured. 
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