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Discussion and Decision
1
Introduction
In RAN1 #82bis, the following was agreed [1]:

Agreement:

· 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
Proposal:
· For retuning between UL narrowbands 

· Option 1: RAN1 assumes that UE punctures at most the last SC-FDMA symbol of an UL subframe and at most the first SC-FDMA symbol of the following UL subframe as retuning time

· Option 2: A guard subframe is inserted at every retuning occasion

· Strive to avoid different options for PUSCH and PUCCH.

The above agreement for a Rel-13 low-complexity MTC (LC-MTC) UE is based on utilizing the legacy control region for retuning time. In this contribution, remaining aspects of retuning are considered.
2
Retuning from DL to UL in TDD

The above agreement covers the case when the UE must retune from an UL narrowband to a DL narrowband within the TDD carrier, where it can use the legacy control region of the DL subframe for retuning. When the LC-MTC UE must retune from a DL narrowband to an UL narrowband, however, there is no legacy control region in the UL narrowband that the UE can take advantage of. Furthermore, UL and DL subframes are misaligned due to UL timing advance, as illustrated in Figure 1. Therefore, if the UE switches from DL reception in subframe n, it cannot transmit in subframe n+1 since at least the first 3 symbols (at least one symbol due to misalignment and two symbols for retuning) would be lost. Thus, the earliest UL subframe that the UE can use for transmission is subframe n+2. Subframe n+1 is then a guard subframe that provides a gap for retuning.

Proposal 1: When an LC-MTC UE in TDD retunes from reception in a DL narrowband to an UL narrowband for transmission, the UL transmission can start no earlier than the second subframe after DL reception.
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Figure 1. Gap for retuning from the DL narrowband to the UL narrowband in TDD
3
Retuning Between UL Narrowbands
The LC-MTC would need to retune between UL narrowbands when performing frequency hopping for PUSCH or PUCCH. Unlike the DL, there is no legacy control region in subframes used for UL transmission, so a natural retuning gap is not available. Here two options noted earlier are available.

Option 1: Since retuning time will not exceed 2 symbols, it is possible to consider puncturing two symbols in successive subframes – the last symbol of the last subframe in the first UL narrowband (before hopping) and the first symbol of the first subframe in the second narrowband (after hopping). This is illustrated in Figure 2. If only one symbol duration is required for retuning, it is necessary to puncture only one of these two symbols. Thus, two symbols (in the worst case) are lost every time the UE hops to a new UL narrowband region, i.e., every Y subframes where Y is the frequency hopping granularity. The loss of two symbols every Y subframes is likely to cause only a small degradation for sufficiently large Y, in which case there is no need to use an increased number of repetitions to compensate for the loss. Furthermore, there is no interruption to the UL transmission from the eNB’s perspective.
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Figure 2. Gap for retuning with frequency hopping on the UL by puncturing symbols (Option 1)
Option 2: This option provides one entire subframe as a retuning gap for hopping between UL narrowband regions, as shown in Figure 3. Here one subframe is skipped after every Y subframes. The skipped subframes should not be counted as repetitions because the loss of one of every Y subframes could be significant, especially for smaller values of Y. Therefore, the inclusion of the skipped subframes in the transmission duration increases the total duration of the UL transmission by a fraction 1/Y. Even though the UE does not transmit during the skipped subframes, there may be some increase in the power consumption that could be considered unnecessary if avoidable. From the eNB’s perspective, however, the narrowband region in a skipped subframe is not wasted and can be allocated to other UEs. The eNB must pause its reception of the UL transmission of the LC-MTC UE in enhanced coverage during the skipped subframes, which must now be treated as unavailable subframes.
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Figure 3. Gap of 1 ms for retuning with frequency hopping on the UL (Option 2)
From the standpoint of implementation complexity and specification impact, Option 1 is preferable. If SRS is configured for transmission in the symbol that is punctured, then the UE can skip SRS transmission. The same solution can be used for both PUSCH and PUCCH frequency hopping.
Proposal 2: Select Option 1 - RAN1 assumes that UE punctures at most the last SC-FDMA symbol of an UL subframe and at most the first SC-FDMA symbol of the following UL subframe as retuning time.
4
Conclusion

This contribution discusses some remaining aspects of retuning. The following proposals are made.
Proposal 1: When an LC-MTC UE in TDD retunes from reception in a DL narrowband to an UL narrowband for transmission, the UL transmission can start no earlier than the second subframe after DL reception.
Proposal 2: Select Option 1 - RAN1 assumes that UE punctures at most the last SC-FDMA symbol of an UL subframe and at most the first SC-FDMA symbol of the following UL subframe as retuning time.
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