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Introduction
This contribution discusses some issues of retuning for different UL transmissions in eMTC which arise from miss-detection of MPDCCH or when UE initiates scheduling requests (SR) autonomously using predefined resources.

Issues with retuning for UL transmissions in eMTC
In the current eMTC specification about retuning from one narrowband to another narrowband for UL transmissions, the following is captured in TS 36.211 section 5.2.5:
For BL/CE UEs, a guard period is created for Tx-to-Tx frequency retuning between two consecutive subframes.
-	If the UE retunes from a first narrowband carrying PUSCH to a second narrowband carrying PUSCH, or if the UE retunes from a first narrowband carrying PUCCH to a second narrowband carrying PUCCH,
-	a guard period is created by the UE not transmitting the last SC-FDMA symbol in the first subframe and the first SC-FDMA symbol in the second subframe.
-	If the UE retunes from a first narrowband carrying PUCCH to a second narrowband carrying PUSCH,
-	if the PUCCH uses a shortened PUCCH format, a guard period is created by the UE not transmitting the first SC-FDMA symbol in the second subframe,
-	otherwise a guard period is created by the UE not transmitting the first two SC-FDMA symbols in the second subframe.
-	If the UE retunes from a first narrowband carrying PUSCH to a second narrowband carrying PUCCH,
-	a guard period is created by the UE not transmitting the last two SC-FDMA symbols in the first subframe.
However, we found that there are some issues about retuning from one narrowband to another narrowband for different UL transmissions (e.g. PUCCH to PUSCH). 
Let’s explain the following case of MPDCCH miss-detection shown on Figure 1 below. If UE has missed the MPDCCH scheduling the PDSCH, then UE will not transmit PUCCH (i.e. Ack/Nack) in the uplink. In case that UE is also scheduled to transmit PUSCH immediately in another narrowband after the missed PUCCH, then UE will transmit PUSCH in all symbols within the subframe (i.e. no retuning symbols in this subframe) because UE did not detect the previous MPDCCH for PDSCH. In contrary, eNB will assume that first two symbols of PUSCH subframe were used for retuning and hence do not carry any data. When UE didn’t transmit PUCCH due to miss-detection of MPDCCH scheduling the PDSCH, the eNB will detect DTX from the UE, but, there will be a mismatch between UE and eNB about symbols used for PUSCH transmission at least for Mode A due to ratematching.
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Figure 1. Miss-detection of MPDCCH scheduling the PDSCH without repetition
In another case of MPDCCH miss-detection as shown on Figure 2 below. If UE receives MPDCCH correctly that schedules to transmit PUSCH, and in the next subframe UE did not decode PDSCH due to miss-detection of MPDCCH, then UE will transmit PUSCH in all symbols (i.e. no retuning symbols) in the subframe as it is not aware the PUCCH transmission (i.e. Ack/Nack) in the following uplink subframe. In contrary, eNB assumes that UE received the MPDCCH that schedules PDSCH and the corresponding PUCCH carrying Ack/Nack has been transmitted. This also causes mismatch between UE and eNB.
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Figure 2. Miss detection of MPDCCH scheduling the PDSCH without repetition
There are also other cases as follows:
· Retuning from PUSCH to PUCCH Format 1 (SR).

The main issue here is that UE and eNB may have different understanding about the retuning operation when miss-detection of MPDCCH occurs or UE initiates scheduling requests (SR) using predefined resources.
Agreements from RAN1#84:
RAN1#84 agreement:
· For PUCCH 2/2a, UL retuning gaps are generated by puncturing of the affected SC-FDMA symbols: last symbol and first symbol of the prior and the latter subframe respectively.
RAN1#84 agreement:
· For CE Mode B, the guard period is created by puncturing the affected SC-FDMA symbol(s) of PUSCH.
· For CE Mode A, the guard period is created by rate matching PUSCH around the affected SC-FDMA symbol(s).
RAN1#84 agreement:
· 
Shortening of PUCCH 1/1a/1b in the first slot of a subframe is realized by using  in the first slot with PUCCH 1/1a/1b resource mapping from symbols 1 through 6 in the first slot while maintaining the existing PUCCH 1/1a/1b DM-RS locations.

Possible solutions:
1) One possible solution is to apply same behavior for Mode A and B where guard period is created by puncturing the affected SC-FDMA symbol(s).
For PUSCH, adapt same behavior of Mode B for Mode A as follows:
· For CE Mode A and B, the guard period is created by puncturing the affected SC-FDMA symbol(s) of PUSCH.
For PUCCH, adapt same behavior of formats 2/2a for 1/1a/1b as follows:
· UL retuning gaps are generated by puncturing of the affected SC-FDMA symbols: last symbol and first symbol of the prior and the latter subframe respectively, except where a cell specific SRS transmission is configured in the same subframe with PUCCH in which shortened formats is applied same as legacy behaviour. 

As discussed in [4], there will be some PUSCH performance degradation due to punctured symbols. However, this performance degradation can be recovered by HARQ retransmissions. 
For PUCCH, there is also some performance degradation due to punctured symbols as well as collisions among multiplexed PUCCHs in each slot due to loss of orthogonality. This may be a serious performance degradation for PUCCH carrying Ack/Nack as well as for the wasted PDSCH transmission.

2) In order to enhance Option 1, one possible solution is to always apply a shortened PUCCH format 1/1a/1b for the last subframe regardless of whether there is a retuning operation or not in order to avoid the above identified problem of mis-match between UE and eNB. This will be same as legacy behaviour when SRS transmission is configured in the same subframe as PUCCH transmission in which shortened PUCCH is applied. This enhances the performance of PUCCH formats 1/1a/1b that carries the important information of Ack/Nack/SR transmissions compare to previous option 1.
Let’s list the possible UL retuning combinations:
· 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

Define UL retuning operation as follows: 
If R>=1and retuning between different channels:
· Case 1: Retuning from PUSCH to another different PUSCH
· Puncture last symbol of the earlier subframe and first symbol of the later subframe 
· Spec change No rate-matching for Mode A
· Case 2a: Retuning from PUCCH format 1/1a/1b to PUCCH format 2/2a
· Apply shortened PUCCH format 1/1a/1b (always last subframe) and puncture first symbol for PUCCH format 2/2a 
· Spec change shortened PUCCH format 1/1a/1b is always applied to the last subframe
· Case 2b: Retuning from PUCCH format 2/2a to PUCCH format 1/1a/1b
· Puncture last two symbols for PUCCH 2/2a and apply normal PUCCH format 1/1a/1b (Note that the last subframe is always shortened format)
· Spec change  Puncturing last two symbols for PUCCH 2/2a, and 
· Spec change  New behavior of normal transmission for PUCCH format 1/1a/1b
· Case 2c: Retuning from PUCCH format 1 to PUCCH format 1a/1b (and vice versa)
· Drop PUCCH format 1 if R=1 and apply normal PUCCH format 1a/1b (Note that the last subframe is always shortened format)
· Puncture last two symbols for PUCCH format 1 if R>1 and apply normal PUCCH format 1a/1b (Note that the last subframe is always shortened format)
· Spec change  Drop PUCCH format 1 if R=1 
· Spec change  Puncture last two symbols for PUCCH format 1 if R>1, and 
· Spec change  New behavior of normal transmission for PUCCH format 1a/1b
· Case 3a: Retuning from PUCCH format 1a/1b to PUSCH
· Apply shortened PUCCH format 1a/1b (always last subframe) and puncture first symbol for PUSCH 
· Spec change No rate-matching for Mode A and 
· Spec change shortened PUCCH format 1a/1b is always applied to the last subframe
· Case 3b: Retuning from PUCCH 2/2a to PUSCH
· Apply normal PUCCH 2/2a and puncture first two symbols for PUSCH 
· Spec change No rate-matching for Mode A
·  Case 4a: Retuning from PUSCH to PUCCH format 1/1a/1b
· Puncture first two symbols for PUSCH and apply normal PUCCH format 1/1a/1b (Note that the last subframe is always shortened format)
· Spec change No rate-matching for Mode A
· Case 4b: Retuning from PUSCH to PUCCH format 2/2a
· Puncture first two symbols for PUSCH and apply normal for PUCCH format 2/2a 
· Spec change No rate-matching for Mode A

If R>1 and retuning between same channel (i.e. hopping configured):
· Case 1: Retuning from one NB to another NB of the same PUSCH
· Puncture last symbol of the earlier subframe and first symbol of the later subframe 
· Spec change No rate-matching for Mode A
· Case 2a: Retuning from one NB to another NB of the same PUCCH format 1/1a/1b
· Apply shortened PUCCH format 1/1a/1b (last symbol of the earlier subframe) and shortened PUCCH format 1/1a/1b (first symbol of the later subframe) 
· Spec change  No change
· Case 2b: Retuning from one NB to another NB of the same PUCCH format 2/2a 
· Puncture last symbol of the earlier subframe and first symbol of the later subframe 
· Spec change  No change



3) A third solution could be “to rely on implementation specific solution” where the eNB scheduler avoids to schedule MPDCCH for PUSCH around DL transmissions. However, this may not solve the cases relating to PUCCH format 1. In addition, it may impact UE’s expected performance, e.g. achievable peak data rate.




Conclusion
In this contribution, we have discussed issues of retuning for different UL transmissions in eMTC which arise from miss-detection of MPDCCH or when UE initiates scheduling requests (SR) using predefined resources.
We propose RAN1 to discuss and agree one of possible solutions:
1) Apply same behavior for Mode A and B where guard period for retuning is created by puncturing the affected SC-FDMA symbol(s).
2) Apply same behavior for Mode A and B where guard period for retuning is created by puncturing the affected SC-FDMA symbol(s), and always apply a shortened PUCCH format 1/1a/1b for the last subframe for eMTC UEs.
3) Apply implementation specific solution where the eNB scheduler avoids to schedule MPDCCH for PUSCH around DL transmissions.
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