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1 Introduction

In RAN1 #86bis meeting [1], the following was agreed regarding support of UE-capability based narrowband retuning gaps in Rel-14 feMTC:
· Rel-14 UE supporting CE mode A and/or B can indicate how many narrowband retuning symbols it needs.

· Range: {0, 1, 2} symbols
· Default value: 2 symbols
· FFS: If the UE indicates it needs 1 symbol for retuning, then:

· When retuning between two PUSCH narrowbands, the guard period is the last SC-FDMA symbol in the previous UL subframe

· When retuning between two PUCCH narrowbands, the guard period is the last SC-FDMA symbol in the previous UL subframe

· When retuning from a PUSCH narrowband to a PUCCH narrowband, the guard period is the last SC-FDMA symbol in the previous UL subframe

· When retuning from a PUCCH narrowband to a PUSCH narrowband, the guard period is the first SC-FDMA symbol in the next UL subframe

· It is up to eNB whether and how to take the UE capability into account.

In this contribution, we share our views on the remaining details including applicability of the different narrowband retuning gap lengths to different types of UEs supporting Rel-14 CE mode A and/or B and on the details of the retuning gap generation for the case of 1 retuning symbol.
2 Applicability of the different retuning gap lengths for different UEs
For BL UEs, the narrowband hopping – either across different 6-PRB NBs or 5MHz NBs, implies an actual retuning of the RF from one carrier frequency to another, thereby necessitating a non-zero retuning gap. However, for non-BL UEs, due to their wider RF capability, retuning gaps are not needed. 
Here, we focus on the aspect of UL retuning since for DL retuning, the retuning gap is expected to be absorbed within the LTE wideband DL control region and hence, up to UE implementation. 

As mentioned above, non-BL UEs can be expected to not require any retuning gaps to receive/transmit on different narrowbands within the LTE system BW. However, for BL UEs, the retuning operation in the UL actually implies a switch of the RF carrier frequency, and this requires a powering down at the end of the transmission in the prior subframe and powering up again at the start of the transmission in the subsequent subframe after retuning operation. Currently, as per the RAN4 specifications [2], the power ramp up and ramp down transient periods are specified as 20us. Thus, for BL UEs to retune, at least 40us of retuning gap would be necessary. This exceeds the CP length and hence, cannot be supported with a narrowband retuning gap of 0 symbols. 

Observation 1
· BL UEs supporting either a max channel BW of 1.4MHz or 5MHz may only indicate a retuning gap length from the set {1, 2} symbols.
· Non-BL UEs in CE mode A and/or B may indicate a retuning gap length of {0, 1, 2} symbols.
3 One-symbol narrowband retuning gap generation
As quoted in the Introduction section, the details of one-symbol NB retuning gap generation was left for further studies and some initial options were listed [1]:

· FFS: If the UE indicates it needs 1 symbol for retuning, then:

· When retuning between two PUSCH narrowbands, the guard period is the last SC-FDMA symbol in the previous UL subframe

· When retuning between two PUCCH narrowbands, the guard period is the last SC-FDMA symbol in the previous UL subframe

· When retuning from a PUSCH narrowband to a PUCCH narrowband, the guard period is the last SC-FDMA symbol in the previous UL subframe

· When retuning from a PUCCH narrowband to a PUSCH narrowband, the guard period is the first SC-FDMA symbol in the next UL subframe

For the cases of PUSCH to PUSCH narrowband retuning, PUCCH to PUCCH narrowband retuning, and PUSCH to PUCCH narrowband retuning, the above listed guard period creation methods should be adopted. However, further considerations are necessary for the case of PUCCH to PUSCH narrowband retuning as described below.

Proposal 1
· One-symbol retuning guard periods are created by:
· When retuning between two PUSCH narrowbands, the guard period is the last SC-FDMA symbol in the previous UL subframe

· When retuning between two PUCCH narrowbands, the guard period is the last SC-FDMA symbol in the previous UL subframe
· When retuning from a PUSCH narrowband to a PUCCH narrowband, the guard period is the last SC-FDMA symbol in the previous UL subframe

According to Rel-13 specifications [3], the guard period for narrowband retuning of two symbols is generated such that for retuning from a PUCCH narrowband 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. 
The listed options for one-symbol guard period creation follow the approach of providing additional protection to the PUCCH transmission to maintain orthogonality in case of retuning between PUCCH and PUSCH narrowbands. This is consistent with Rel-13 principles. 

However, when retuning from PUCCH NB to PUSCH NB, the behavior in current Rel-13 specifications is not consistent with that in the proposed method listed during RAN1 #86bis discussions. 

In the following we consider two approaches to handle this inconsistency.

Alternative 1:

To be consistent with Rel-13 behavior, the last case in the above-quoted list (under “FFS”) should be modified as follows:

· When retuning from a PUCCH narrowband to a PUSCH narrowband, 
· if the PUCCH uses a shortened PUCCH format, no additional guard period is generated,

· otherwise, the guard period is the first SC-FDMA symbol in the next UL subframe.
Alternative 2:

Another consideration relating to the Rel-13 behavior is that the current specifications do not take into account the possibility that the UE (in CE mode A) uses a shortened PUCCH and in the same subframe, actually transmits SRS. In such a case, for the two-symbol guard period generation specified in Rel-13, there will be actually only a guard period that is one symbol in length by not transmitting the first SC-FDMA symbol of the PUSCH in the second subframe.

Given that SRS transmission by BL/CE UEs is supported in CE mode A, it may be preferable to adopt the rules for creation of one-symbol guard period as listed from RAN1 #86bis (i.e., without the conditional behavior for the use of shortened PUCCH) and instead update the generation method for two-symbol guard period generation for PUCCH to PUSCH narrowband retuning for Rel-13 and Rel-14 specifications.
Proposal 2
· For the generation of retuning guard periods of length one or two symbols, RAN1 to further discuss between the following options:
· Alternative 1:

· For one-symbol retuning guard period, when retuning from a PUCCH narrowband to a PUSCH narrowband, 

· if the PUCCH uses a shortened PUCCH format, no additional guard period is generated,

· otherwise, the guard period is the first SC-FDMA symbol in the next UL subframe.

· Alternative 2:

· For one-symbol retuning guard period, when retuning from a PUCCH narrowband to a PUSCH narrowband, the guard period is the first SC-FDMA symbol in the next UL subframe.
· For two-symbol retuning guard period, when retuning from a PUCCH narrowband to a PUSCH narrowband, the guard period is the first two SC-FDMA symbols in the next UL subframe (irrespective of the use of shortened PUCCH format in the first subframe).
Finally, for the generation of the guard period of one-symbol, it is proposed to follow Rel-13 behavior of realizing this via puncturing of the affected SC-FDMA symbol.

Proposal 3
· The one-symbol-long guard period is created by puncturing of the affected SC-FDMA symbol.
4 Conclusion

In this contribution, we presented a discussion on the remaining details of support of enhancements to narrowband retuning based on UE-capability based signaling. Based on the discussion presented, we summarize our views via the following observation and proposals:

Observation 1

· BL UEs supporting either a max channel BW of 1.4MHz or 5MHz may only indicate a retuning gap length from the set of {1, 2} symbols.
· Non-BL UEs in CE mode A and/or B may indicate a retuning gap length of {0, 1, 2} symbols.
Proposal 1
· One-symbol retuning guard periods are created by:
· When retuning between two PUSCH narrowbands, the guard period is the last SC-FDMA symbol in the previous UL subframe

· When retuning between two PUCCH narrowbands, the guard period is the last SC-FDMA symbol in the previous UL subframe
· When retuning from a PUSCH narrowband to a PUCCH narrowband, the guard period is the last SC-FDMA symbol in the previous UL subframe
Proposal 2
· For the generation of retuning guard periods of length one or two symbols, RAN1 to further discuss between the following options:

· Alternative 1:

· For one-symbol retuning guard period, when retuning from a PUCCH narrowband to a PUSCH narrowband, 

· if the PUCCH uses a shortened PUCCH format, no additional guard period is generated,

· otherwise, the guard period is the first SC-FDMA symbol in the next UL subframe.

· Alternative 2:

· For one-symbol retuning guard period, when retuning from a PUCCH narrowband to a PUSCH narrowband, the guard period is the first SC-FDMA symbol in the next UL subframe.
· For two-symbol retuning guard period, when retuning from a PUCCH narrowband to a PUSCH narrowband, the guard period is the first two SC-FDMA symbols in the next UL subframe (irrespective of the use of shortened PUCCH format in the first subframe).
Proposal 3
· The one-symbol-long guard period is created by puncturing of the affected SC-FDMA symbol.
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