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1
Introduction
In RAN1 #81, the following was agreed [1]:

· Confirm the following revised working assumption at RAN1#80bis meeting: For Rel-13 low complexity UEs in normal [FFS: small enhanced] coverage, under cross-subframe scheduling,

· Case 1:
· For unicast PDSCH, DCI indicates one of  narrow-band  and further indicate resource allocation within narrow-band 

· This doesn’t preclude predefined frequency hopping 

· FFS: Details on resource allocation field in DCI 

· FFS: whether and/or how to utilize PRBs not included in any narrowband of 6PRBs

· CSI measurements can be restricted to a subset of the available  narrow-bands

· FFS: details
· FFS: whether and/or how to  define a case (Case 2) that UE can assume PDSCH is scheduled in the same or a known (when frequency hopping is used) narrowband

· This doesn’t preclude predefined frequency hopping 

· Value of k in Case 1 is:
· k>=2
· RAN1 will select a single fixed value of k after receiving RAN4 input on retuning time

· Company should investigate impact on UE complexity of M-PDCCH decoding (R1-153082).

· When k > 2, RTT may need to be modified.

· Value of k in Case 2 is:
· k=1
· FFS: how to handle the subframe used for retuning in case of frequency hopping is applied
· FFS for the subframe n+k not allowed for PDSCH (e.g. PMCH, TDD, HD-FDD)
· The above overrides the RAN1#80bis agreements related to k.
The above agreement allows the M-PDCCH and PDSCH to be transmitted on different narrowband regions. In such an instance, the low-complexity MTC (LC-MTC) UE needs to retune to the PDSCH frequency after it receives the M‑PDCCH. In this contribution, we discuss the gaps required for retuning between DL or UL narrowband regions (e.g., from M-PDCCH region to PDSCH region or for frequency hopping) and between DL and UL narrowband regions in HD-FDD and discuss the considerations related to this requirement in the different cases in which the LC-MTC UE needs to perform retuning.
2
Retuning Time Requirement
Official input on the retuning time is still awaited from RAN4. At this stage, however, we can proceed with the assumption that the retuning time will not exceed 1 ms. Thus, the introduction of a gap of one subframe would provide adequate time for retuning.
The following cases need to be considered.
1. Retuning from DL narrowband region for M-PDCCH reception (DL assignment) to DL narrowband region for PDSCH reception
2. Retuning from DL narrowband region for M-PDCCH reception (UL grant) to UL narrowband region for PUSCH transmission

3. Retuning from DL narrowband region for PDSCH reception to UL narrowband region for HARQ-ACK transmission
4. Retuning from UL narrowband region for HARQ-ACK transmission to DL narrowband region for M-PDCCH reception

5. Retuning from UL narrowband region for PUSCH transmission to DL narrowband region for M-PDCCH reception

6. Retuning from one DL (or UL) narrowband region to another DL (or UL) for frequency hopping in enhanced coverage operation

Cases 2 through 5 are applicable to HD-FDD, where the UE needs to switch between transmission and reception operations while also retuning between the corresponding frequencies. These cases as well as cases 1 and 6 also apply to FD-FDD and TDD.
3
Retuning Gaps

3.1
Gap between M-PDCCH and PDSCH
We first consider case 1 above. Figure 1 illustrates the provision of a gap of 1 ms between the transmission of M‑PDCCH and PDSCH on different narrowband regions. The figure directly depicts the transmission in normal coverage but can also be interpreted to show the transmission of the last repetition of the M-PDCCH and the first repetition of the PDSCH in the case of enhanced coverage. It is important to note that the UE obtains information on the narrowband region in which the PDSCH will be transmitted (DL NB2) only after it successfully decodes the DCI transmitted in the M-PDCCH on DL NB1. Accounting for the duration of the legacy control region (3 symbols or about 210 s in the best case), the actual gap is about 1.2 ms. Thus, the UE has 1.2 ms to complete processing of the M-PDCCH and then retune from the DL NB1 frequency to the DL NB2 frequency.
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Figure 1. Gap between the M-PDCCH and the PDSCH
Observation 1: The gap between (the last repetition of) M-PDDCH and (the first repetition of) PDSCH should be long enough to support the decoding delay and the retuning time.

3.2
Gap for Retuning from DL to UL
In case 2, the LC-MTC UE receives the UL grant in the M-PDCCH transmitted on DL NB1. After it completes decoding the UL grant, the UE will know which narrowband region it has been assigned for transmission of the PUSCH. Here, the gap between DL reception and UL transmission depends on the HARQ timing and the number of HARQ processes supported, as discussed in a companion contribution [2]. Case 3 is also similar. After decoding the PDSCH, the UE transmits an ACK/NACK on the UL, following the HARQ timeline. Again, the gap between DL reception and UL timeline depends on the HARQ timing and the number of HARQ processes. In either of these cases, it is essential to ensure that at least a 1-ms gap is provided.
Figure 2 illustrates these two cases for normal coverage. For case 2, the transmissions in different subframes on the DL NB correspond to UL grants of different HARQ processes and the transmissions in different subframes on the UL NB are the corresponding PUSCH transmissions. In the example provided, decoding of the UL grant needs to be completed in 2 ms to allow a full 1-ms gap for retuning to the frequency indicated in the UL grant and this is a reasonable expectation. For case 3, the transmissions in different subframes on the DL NB correspond to PDSCH transmissions of different HARQ processes and the transmissions in different subframes on the UL NB are the corresponding HARQ-ACKs. 
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Figure 2. Gap between the DL and UL in normal coverage
A similar depiction for enhanced coverage is provided in Figure 3, where the relative timing between the DL and UL transmissions is based on the assumption of a single HARQ process. In this case, transmissions in different subframes are merely repetitions of the same burst. Legacy HARQ timing then would provide a gap of 3 ms between the end of the PDSCH (UL grant) and the beginning of the UL ACK/NACK (PUSCH). Again for case 2, if the UL grant is decoded in 2 ms, the HARQ timeline (based on legacy timing) ensures that there is at least 1-ms gap for retuning from the DL to the UL narrowband region.
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Figure 3. Gap between FL and UL in enhanced coverage
3.3
Gap for Retuning from UL to DL
Considerations for a retuning gap in cases 4 and 5 are similar to those in cases 2 and 3. There are some differences, however. With asynchronous DL HARQ, the timing for transmission of the M-PDDCH to schedule a retransmission relative to the UL ACK/NACK transmission is not defined. Therefore, for case 4 in both normal coverage and enhanced coverage, a gap of at least 1 ms must be provided for the UE to retune from the UL transmission of ACK/NACK to DL reception of the next M-PDCCH transmission, for which the UE is assumed to already know the frequency to which it must retune. With synchronous UL HARQ, on the other hand, the timing for transmitting the UL grant in which a retransmission is scheduled (corresponding to a NACK event) would be defined relative to the original transmission and, hence, relative to the PUSCH. Thus, for case 5, a minimum gap of 1 ms must be provisioned when defining the UL HARQ timeline.
Proposal 1: HD-FDD HARQ design must ensure that the gap between DL reception and UL transmission provides adequate time for retuning.
3.4
Retuning Gap with Frequency Hopping

Case 6 involves providing gaps for retuning associated with frequency hopping in enhanced coverage for channels where repetition is performed over contiguous subframes. Frequency hopping yields a gain derived from frequency diversity. In enhanced coverage, where repetitions of the same channel are transmitted, frequency hopping is beneficial. For each instance of switching a gap needs to be allowed for the UE to retune from one narrowband region to the other, as portrayed in Figure 4. During this retuning gap, the UE is unable to perform transmission or reception. Since the gap is strictly for retuning alone, one subframe is likely to be sufficient.
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Figure 4. Gap for retuning with frequency hopping on the DL or UL
The number of repetitions at each coverage enhancement (CE) level would be specified for each channel under consideration. There are two options for accounting for subframes used for retuning:
Option A: The subframes used as retuning gaps in the case of frequency hopping are not included when counting the required number of repetitions for the repetition level.

Option B: The subframes used as retuning gaps in the case of frequency hopping are also included when counting the required number of repetitions for the repetition level.

Thus, the counter for the required number of repetitions is paused during retuning subframes for Option A whereas it is not for Option B. As a result, for a given repetition level, with Option B the subframe in which the last repetition is transmitted is independent of the number of times frequency hopping performed (i.e., the number of retuning gaps). Conversely, for every frequency hop performed with Option A, the total duration of the repeated transmission is extended by one subframe. In other words, the advantage with Option B is that the transmission for a given repetition level always has a fixed duration and the timing is more regular.

On the other hand, one repetition is lost for every frequency hop performed with Option B, whereas the required number of transmissions for the given CE level is always realized with Option A regardless of the number of hops. Consequently, there may be some loss in performance with Option B due to loss of repetitions if the number of frequency hops is large, whereas there is no such loss with Option A. The relative benefits of the two options require further study.
Proposal 2: If a full subframe is provided as a retuning gap for frequency hopping between narrowband regions, further study is needed to decide how to account for the gap subframes when counting repetitions in enhanced coverage.

4
Conclusion

The LC-MTC UE may need to retune between different DL and UL frequencies, for which a gap must be provided. This contribution examines the considerations related to this requirement in different cases in which the LC-MTC UE needs to retune between different DL or UL narrowband regions or between DL and UL frequencies. The following observation is made:
Observation 1: The gap between (the last repetition of) M-PDDCH and (the first repetition of) PDSCH should be long enough to support the decoding delay and the retuning time.

The following proposals are made:

Proposal 1: HD-FDD HARQ design must ensure that the gap between DL reception and UL transmission provides adequate time for retuning.
Proposal 2: If a full subframe is provided as a retuning gap for frequency hopping between narrowband regions, further study is needed to decide how to account for the gap subframes when counting repetitions in enhanced coverage.
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