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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 for unicast transmissions 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
RAN4 has a sent out a reply LS on retuning time between narrowband regions for MTC [2]. According to the input provided by RAN4, the maximum retuning time between narrowband regions is 2 symbols. This implies that the legacy control region at the beginning of each subframe with a span no less than 2 symbols provides adequate time strictly for retuning. In some cases, an additional gap may be required taking other considerations into account.

The following cases are considered.
1. Retuning from DL narrowband region for M-PDCCH reception (DL assignment) to DL narrowband region for PDSCH reception
2. Retuning between different DL narrowband regions for PDSCH reception (without frequency hopping).

3. Retuning from DL narrowband region for M-PDCCH reception (UL grant) to UL narrowband region for PUSCH transmission

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

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

7. Retuning from one DL narrowband region to another DL for frequency hopping in enhanced coverage operation

8. Retuning from one UL narrowband region to another 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, which should be adequate.
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Figure 1. Gap between the M-PDCCH and the PDSCH
Proposal 1: The gap between (the last repetition of) M-PDDCH and (the first repetition of) the associated PDSCH should be 1 ms (1 subframe) to support the decoding delay and the retuning time.

3.2
Gap for Retuning between PDSCH Narrowband Regions

In case 2, the LC-MTC UE may need to retune between different DL narrowband regions configured for PDSCH reception. One such case is when the UE receives PDSCH associated with different transmissions in successive subframes (e.g., scheduled previously by M-PDCCH). In such instances, the UE already knows the frequency of the narrowband region to which it must retune. Furthermore, it does not need to complete decoding the PDSCH in the first narrowband region to be able to decode the PDSCH in the second narrowband region. Therefore, the only gap that it needs is that required for retuning. This gap can be provided by the legacy control region interval and no additional gap is necessary.
Proposal 2: The legacy control region can provide the gap for an LC-MTC UE to retune from one DL narrowband region to another DL narrowband region when the frequency of the second narrowband region is already known to the UE.
3.3
Gap for Retuning from DL to UL
In case 3, the LC-MTC UE receives the UL grant in the M-PDCCH transmitted on the DL narrowband region. 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 UL grants for each of the HARQ processes may be received in succession before the PUSCH for the first process is scheduled, as discussed in a companion contribution [3]. Then, the UE needs to retune to from the DL narrowband region to the UL narrowband region to begin to receive the PUSCH for the first process (or the first repetition in the case of enhanced coverage). Due to timing advance, the UL and DL subframes are not aligned. Therefore, the UE cannot rely on the legacy control region to provide adequate time for retuning and a 1-ms (1 subframe) gap must be provided. Case 4 is also similar. After decoding the PDSCH, the UE must transmit an ACK/NACK on the UL, following the specified timing relationship. Again, the UE needs to retune/switch between DL reception and UL transmission. 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 and shows DL and UL transmissions corresponding to eight HARQ processes. For case 3, 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. It must be noted that the UE can retune to the UL narrowband region only after it decodes the UL grant and with eight HARQ processes, the the timing allows for this. For case 4, 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. It is proposed in [3] that the timing relationship is defined to provide a gap of 3 subframes between the end of the PDSCH (UL grant) and the beginning of the UL ACK/NACK (PUSCH). For case 3, if the UL grant is decoded in 2 subframes, the timing ensures that there is at least 1-subframe gap for retuning from the DL to the UL narrowband region.
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Figure 3. Gap between DL and UL in enhanced coverage

Based on the above discussion, we have the following proposal.
Proposal 3: HD-FDD HARQ timing design must ensure that a 2-symbol gap is provided for retuning when the LC-MTC UE switches from DL reception to UL transmission.
3.4
Gap for Retuning from UL to DL
There are some differences in the considerations for a retuning gap in cases 5 and 6. It is noted that due to timing advance, the gap between the end of a subframe used for UL transmission and the next subframe used for DL reception exceeds the legacy control region interval. Therefore, this already provides an adequate retuning gap. An additional gap may need to be provided to satisfy any requirement for the eNB to decode the UL transmission by the UE before the next DL transmission. 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 5 in both normal coverage and enhanced coverage (if a single HARQ process is supported), a gap of at least 1 ms must be provided to enable the eNB to decode the ACK/NACK and prepare for the next M-PDCCH transmission. On the other hand, the UE can be assumed to already know the frequency to which it must retune to receive the M-PDCCH, so no additional gap is needed for the UE to retune from the UL transmission of ACK/NACK to DL reception of the next M-PDCCH transmission. In the case of normal coverage, the eNB may receive multiple ACK/NACKs in successive subframes.
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 6, no additional gap needs to be provisioned for retuning.
Proposal 4: The legacy control region can provide the gap for an LC-MTC UE to retune from an UL narrowband region to a DL narrowband region when the frequency of the UL narrowband region is already known to the UE.
3.5
Retuning Gap with Frequency Hopping

Case 7 involves providing gaps for retuning associated with frequency hopping in enhanced coverage for DL 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. The UE already knows the frequency to which it must hop; therefore, a gap is needed merely for retuning. The legacy control region, which is a part of each DL subframe, can provide this retuning gap.
Proposal 5: The legacy control region can provide the retuning gap for frequency hopping between DL narrowband regions.

Case 8 relates to frequency hopping in enhanced coverage for UL channels. 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 can be considered, as discussed in the following.

Option 1: The first option is to provide one entire subframe as a retuning gap for hopping between UL narrowband regions, as shown in Figure 4. Here one subframe is skipped after every Y subframes where Y is the frequency hopping granularity. 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 users. 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 4. Gap of 1 ms for retuning with frequency hopping on the UL

Option 2: Since retuning time will not exceed 2 symbols, it is wasteful from the UE’s perspective to provide an entire subframe for retuning. It is possible to consider puncturing two symbols at the end of the last subframe before hopping, at the beginning of the first subframe after hopping to the new frequency, or divided between the two locations. Thus two symbols are lost every time the UE hops to a new UL narrowband region. Figure 5 shows an example of hopping between two narrowband regions where the last two symbols are punctured every Y subframes. The loss of two symbols every Y subframes may cause only a small degradation for sufficiently large Y. The total number of repetitions for any coverage enhancement level can be specified to compensate for this loss. The total increase in transmission duration is smaller than with Option 1. Furthermore, there is no interruption to the UL transmission from the eNB’s perspective.
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Figure 5. Gap for retuning with frequency hopping on the UL by puncturing symbols

Proposal 6: Consider puncturing two symbols as an option to provide the retuning gap for frequency hopping between UL narrowband regions.

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 proposals are made:

Proposal 1: The gap between (the last repetition of) M-PDDCH and (the first repetition of) the associated PDSCH should be 1 ms (1 subframe) to support the decoding delay and the retuning time.

Proposal 2: The legacy control region can provide the gap for an LC-MTC UE to retune from one DL narrowband region to another DL narrowband region when the frequency of the second narrowband region is already known to the UE.

Proposal 3: HD-FDD HARQ design must ensure that a 1-subframe gap is provided for retuning when the LC-MTC UE switches from DL reception to UL transmission.
Proposal 4: The legacy control region can provide the gap for an LC-MTC UE to retune from an UL narrowband region to a DL narrowband region when the frequency of the UL narrowband region is already known to the UE.
Proposal 5: The legacy control region can provide the retuning gap for frequency hopping between DL narrowband regions.

Proposal 6: Consider puncturing two symbols as an option to provide the retuning gap for frequency hopping between UL narrowband regions.
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