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1 Introduction

At the RAN1 #82bis meeting, RAN1 made the following agreements and working assumption on frequency hopping for MTC SIB1 and other physical channels [1]:

· MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands depending on the system bandwidth

· narrowbands = 2 for system BW of 12-50 RBs

· narrowbands = 4 for system BW of 51-110 RBs

· Confirm the working assumption that the mentioned narrowbands are determined based on cell ID and system bandwidth 

· FFS on how to handle the case if MTC-SIB1 overlaps with PBCH

· Confirm the working assumption that the hopping sequence between these narrowbands is determined based on cell ID and subframe index (and/or SFN)

· Working assumption:

· For PUSCH/PUCCH, when frequency hopping is used, frequency hopping occurs between 2 narrowbands

· For M-PDCCH/PDSCH, when frequency hopping is used, frequency hopping occurs between:

· a per cell configurable number of narrowbands of 2 or 4

· YCH  is configured per CE level

· Frequency hopping for SIB1bis is always used at least for system bandwidth ≥ 5MHz 

· Configuration of frequency hopping 

· for paging M-PDCCH and MTCSIBx is in a cell-specific manner

· For paging, FFS the corresponding PDSCH

· for RAR/msg3/msg4, is per “coverage level” (including non-CE) in a cell-specific manner

· for unicast is per UE, in a UE-specific manner
On time and frequency relationships between M-PDCCH and PDSCH, it was agreed that [1]:
· For DL cross-subframe scheduling Case 1 without repetition and with repetition, PDSCH (new and re-transmissions) starts from the second valid downlink subframe after the end of the corresponding transmitted M-PDCCH with the given repetition level

· FFS whether there is impact of UL scheduling for HD-FDD and if so, how, etc.

· Confirm working assumption with updates:

· For Rel-13 low complexity UEs in normal and 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

RAN1 also made a working assumption and agreements on PUSCH HARQ operation as follows:

· Working assumption: PUSCH HARQ operation for LC/CE UEs is synchronous

· FFS adaptive and/or non-adaptive PUSCH HARQ retransmission for LC/CE UEs

· At least adaptive PUSCH HARQ retransmission is supported for LC/CE UEs

· FFS whether to also support non-adaptive PUSCH HARQ retransmission

· FFS LC/CE UE should interpret absent/non-detected PUSCH HARQ feedback as ACK

Finally, on retuning time for LC MTC UEs, RAN1 agreed the following:

· 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

In this contribution, we share our views on the remaining details of time-frequency relationships for physical channels, PUSCH HARQ operation, and on retuning and measurement gaps, for LC MTC UEs with reduced BW support and MTC UEs in enhanced coverage.
2 Frequency hopping for physical channels
2.1 Frequency hopping for RAR and paging
For RAR and paging transmissions with repetitions larger than YCH, it was agreed to support a single cell-specific value of YCH. When the number of repetitions is less than YCH, then it was proposed to consider schemes like YCH = R/2 where R is the number of repetitions. While such schemes aim to realize the benefits of frequency diversity even for small number of repetitions, care must be taken to ensure that such application of a different frequency hopping pattern does not conflict with the cell-specific hopping pattern (or alternatively, cause resource wastage due to reservation of resources to accommodate different frequency hopping patterns), especially if RAR and paging transmissions targeting UEs in different coverage conditions are multiplexed in the same narrowband or not.  
In this regard, it may be reasonable to consider RAR and paging cases separately. For instance, RAR transmissions (at least the scheduling M-PDCCH) to UEs in different CE levels may be mapped to different narrowbands based on their respective PRACH preamble resource set and repetition level. Consequently, for allocation of RAR narrowbands based on CE levels, the value of YCH can be defined depending on the maximum repetition level (R) that a UE monitors in the defined CSS for RAR.
However, for paging record scheduling and transmission, different UEs may be addressed on different narrowbands depending on their UE-ID and paging would be transmitted targeting the maximum MCL supported in the cell. Thus, for the M-PDCCH used for scheduling paging and the PDSCH carrying the paging record, it would be simpler to consider frequency hopping at a single value of the hopping granularity of YCH. 
In other words, the paging narrowbands can be defined logically as “virtual narrowbands” such that frequency hopping at rate YCH is implicitly considered in the narrowband definition. Hence, for UEs that may need repetition number smaller than YCH, no frequency hopping would be realized by the time they acquire the M-PDCCH or the PDSCH carrying the paging record. Assuming that the value of YCH is not expected to be very large, the impact from such simplification may not be significant to the overall performance and acquisition time of the paging messages. For M-PDCCH and PDSCH for paging, YCH = {4, 8} is proposed. The exact value used can be indicated via the SIBxbis.
Proposal 1:
· For RAR transmissions, UEs in different EC levels monitor different narrowbands and YCH is configured on a per CE level depending on the maximum repetition level (R) that a UE monitors in the defined CSS for RAR.
· For paging transmissions, frequency hopping is applied using a single value of YCH realized by defining narrowbands logically that incorporate frequency hopping implicitly at the rate of YCH. 
· YCH can be 4 or 8 and indicated via SIBxbis signaling.
2.2 Frequency hopping for other physical channels

For PUSCH/PUCCH, it was agreed as a WA to support frequency hopping between two NBs. In our view, hopping between two NBs is sufficient in realizing most of the diversity gains. Further, compared to the DL channels, reception diversity at the eNodeB receiver is possible due to presence of multiple receiving antennas. Thus, for PUSCH, we propose that frequency hopping occurs between two configured NBs. 

For PUSCH the hopping pattern can either be based on a cell-specific frequency offset or mirrored hopping. For this case, the offset can be defined as a function of the system BW. While hopping between two explicitly configured NBs can also be considered for maximum flexibility at the network side, this may imply additional signaling need for both NB indices. Additionally, similar benefits can be realized if the frequency offset between NBs is configurable at the cell-level.
For PUCCH, it is preferred to define a mirrored frequency hopping pattern similar to legacy PUCCH. Note that, it is most reasonable to expect that the PUCCH NBs are allocated towards the edge of the system BW – either overlapping with or adjacent to the PRBs used for legacy PUCCH. Hence, the simplest hopping option for PUCCH hopping can be to define a pattern that is mirrored about the central carrier frequency (w.r.t. system BW).

Proposal 2:
· For PUSCH/PUCCH, confirm working assumption that when frequency hopping is used, frequency hopping occurs between 2 narrowbands.
· For PUSCH, hopping pattern can either follow a cell-specific frequency offset between the hopped NBs or a mirrored hopping pattern. 
· The frequency offset can be defined as a function of the system BW or configurable in a cell-specific manner
· For PUCCH, hopping pattern is similar to legacy PUCCH – i.e., mirrored about the centre of the system BW.
3 Remaining details of PUSCH HARQ operation

Confirm the working assumption that PUSCH HARQ operation is synchronous. This implies that the UE can determine the time when to expect M-PDCCH carrying PUSCH HARQ-ACK feedback. In case of invalid subframes or the HARQ timing falling between two starting M-PDCCH search spaces, the HARQ feedback transmission can be deferred to the next valid subframe or next occurrence of the M-PDCCH search space. 
Support of adaptive PUSCH HARQ feedback may be sufficient and the specification efforts and UE behavior in monitoring CSS for reception of group HARQ feedback when in CONNECTED mode may not be justified by the practical opportunities of having multiple UEs to jointly feedback HARQ information, especially considering that the CSS occurrence would be less frequent than the UE-SS. 

Additionally, it is proposed to confirm the working assumption that absent/non-detected PUSCH HARQ is assumed as ACK by the UE. Note that since the UE is expected to not clear its buffer until receiving an NDI, this mechanism should suffice in avoiding significant impact from increased NACK-to-ACK errors.

Proposal 3:
· Confirm the working assumption that PUSCH HARQ operation for LC/CE UEs is synchronous.
· LC/CE UE should interpret absent/non-detected PUSCH HARQ feedback as ACK.
· No need to support non-adaptive PUSCH HARQ retransmission in Rel-13.
4 Some remaining details on DL and UL scheduling for LC/CE MTC UEs
At the RAN1 #82 meeting, a working assumption was made stating that same-subframe scheduling is not supported for LC MTC UEs even for the case of no repetitions. Subsequently, some concerns were raised as to the impact from this decision on the achievable peak data rates for MTC UEs. However, in our view, it is most important to minimize any additional complexity for LC MTC UEs that may arise from the need of maintaining multiple timing relationships between physical channels. Considering the prior agreement on support of cross-subframe scheduling, additional support of same-subframe scheduling would imply increased device complexity in handling multiple HARQ timing relationships that including maintaining different buffering strategies, different pipe-lining considerations to handle both cases in terms of different time-budget for decoding the M-PDCCH and also PDSCH. Considering the increased complexity and comparatively less critical metric of peak data throughput for MTC applications, we propose to confirm the existing working assumption. We are open to further consideration of other mechanisms to address the decrease in the peak data rates for LC MTC UEs.
Proposal 4:
· Confirm the working assumption that same-subframe scheduling for PDSCH (i.e., the one associated with an M-PDCCH in the same subframe) for LC-MTC UEs is NOT supported. 
5 Remaining details of retuning time for LC MTC UEs

Based on the feedback from RAN4 WG on the maximum allowed retuning time between narrowbands for LC MTC UEs being 2 symbols, RAN1 agreed to assume a maximum of 2 symbol retuning time within the legacy DL control region for DL to DL NBs and from UL to DL retuning for TDD. 
For retuning operation in the UL between PUSCH transmissions, rate-matching can be applied to the last symbol of the prior subframe or the first symbol of the next subframe. This would provide sufficient time for UEs capable of retuning within a single symbol. On the other hand, UEs requiring two-symbol retuning time can puncture the first symbol of the subframe after retuning or the last symbol of the prior subframe depending on which symbol is specified for rate-matching. 

Alternatively, it may be specified to puncture the first or last two symbols of the next or the prior subframe at the retuning boundary, or puncture both the last symbol and the first symbol of the prior and next subframe at the retuning boundary respectively.

Considering repeated transmissions for enhanced coverage operation for UEs in enhanced coverage (that are the main candidates UEs to need to support frequency hopping between PUSCH transmissions), the overall impact to the performance from such puncturing or rate-matching operation may not be significant.

For retuning needed to support hopping between PUCCH regions, two options were being proposed at the last RAN1 meeting:

· Option A: Last two SC-FDMA symbols of the earlier subframe 

· Option B: Last SC-FDMA symbol of the earlier subframe + first SC-FDMA symbol of the later subframe

However, neither of these options would preserve the orthogonality with legacy PUCCH or shortened PUCCH formats. Hence, it may be simpler to allocate at least an entire subframe as retuning time to support the CDM-based multiplexing for PUCCH. 

For retuning needed between PUSCH followed by PUCCH transmission, the UE can puncture the last one or two symbols (as needed) of the PUSCH subframe, while for transitions from PUCCH to PUSCH transmission, it may puncture the first one or two symbols (as needed) of the PUSCH subframe. 

For TDD systems, RAN1 already made an agreement to define the same set of narrowbands for DL and UL to avoid additional retuning operations during UL to DL switches. However, there may still be situations wherein a UE may retune to a different narrowband during UL to DL switching. But, for most typical cases the retuning time can be accommodated by the UL TA itself.
Proposal 5:

· For the remaining cases, RAN1 to assume the handling of retuning time according to the table below for LC MTC UEs requiring up to two symbols retuning time:
	Prior subframe
	Next subframe
	Action

	UL PUSCH
	UL PUSCH
	Alt 1: Rate-match last SC-FDMA symbol of prior subframe and puncture the first SC-FDMA symbol of the later subframe.
Alt 2: Puncture last SC-FDMA symbol of the earlier subframe + first SC-FDMA symbol of the later subframe

	UL PUSCH
	UL PUCCH
	Puncture the last (up to) two SC-FDMA symbols of the PUSCH subframe.

	UL PUCCH
	UL PUSCH
	Puncture the first (up to) two SC-FDMA symbols of the PUSCH subframe.

	UL PUCCH
	UL PUCCH
	At least 1ms retuning time for hopping between PUCCH regions.


6 Measurement Gaps for LC MTC UEs
Compared to a legacy UE with wideband RF and baseband support, for UEs with reduced BW support additional mechanisms need to be defined to support various measurements and monitoring on parts of the system BW that may be different from the MTC narrowband that the LC MTC UE is expected to monitor for M-PDCCH transmissions. These 

Some of the possible measurement gaps that need to be defined for LC MTC UEs include:

1. Measurement gaps for intra-frequency neighbour cell measurements: The LC MTC UE may need to retune to the central narrowband location to acquire synchronization and system information (PSS/SSS/PBCH) of neighboring cells as part of mobility management procedures.

2. Measurement gaps for subband-based CSI measurements: As discussed in [4], measurement gaps may need to be defined to support UE measurements for subband-based CSI feedback in order to facilitate frequency-selective scheduling at least in normal coverage.

For some of these cases, measurement gaps may not need to be defined and instead, if necessary, any ambiguity between the UE and the eNodeB be avoided via defining UE behaviour to handle such time-domain conflicts.

In this regard, RAN1 received an LS from RAN4 [5], indicating that RAN4 has identified need to use network configured measurement gaps for intra-frequency cell identification and/or measurements, and assuming current gap pattern as defined in section 8.1.2.1 of 36.133 can be re-used.
However, a down-side of using the inter-frequency measurement gap pattern is that this would cause unnecessary suspension of UL transmissions from a UE in FDD systems as per existing behavior for inter-frequency measurements – the motivation in that case being avoidance of any possible interference from UE’s own transmissions in case of inter-frequency measurements. This would not be an issue for intra-frequency measurements needed for LC MTC UEs, and hence, suspension of UL transmissions can be avoided. Thus, our preference is to define measurement gap patterns that a UE may use (and known to the eNodeB) that are independent of the inter-frequency measurement gaps. These gaps can also be used by a UE for any subband CSI measurements that may be needed for effective frequency-selective scheduling.
Observation 1:

· Measurement gaps, in addition to the currently defined inter-frequency measurement gaps, for intra-frequency and intra-system BW measurements and monitoring need to be defined for LC MTC UEs with reduced BW support. 

Proposal 6:

· Define intra-frequency measurement gap patterns that a UE may use at least for intra-frequency cell identification or measurements or for sub-band CSI measurements if defined. The UL transmissions from an FDD UE are not suspended during such measurement gaps.
7 Conclusion

In this contribution, we share our views on the some of the remaining details of time-frequency relationships for physical channels for LC MTC UEs with reduced BW support and MTC UEs in enhanced coverage. Based on the discussion presented, we summarize our views through the following observation and proposals:
Proposal 1:
· For RAR transmissions, UEs in different EC levels monitor different narrowbands and YCH is configured on a per CE level depending on the maximum repetition level (R) that a UE monitors in the defined CSS for RAR.
· For paging transmissions, frequency hopping is applied using a single value of YCH realized by defining narrowbands logically that incorporate frequency hopping implicitly at the rate of YCH. 
· YCH can be 4 or 8 and indicated via SIBxbis signaling.
Proposal 2:

· For PUSCH/PUCCH, confirm working assumption that when frequency hopping is used, frequency hopping occurs between 2 narrowbands.
· For PUSCH, hopping pattern can either follow a cell-specific frequency offset between the hopped NBs or a mirrored hopping pattern. 
· The frequency offset can be defined as a function of the system BW or configurable in a cell-specific manner
· For PUCCH, hopping pattern is similar to legacy PUCCH – i.e., mirrored about the centre of the system BW.
Proposal 3:
· Confirm the working assumption that PUSCH HARQ operation for LC/CE UEs is synchronous.
· LC/CE UE should interpret absent/non-detected PUSCH HARQ feedback as ACK.
· No need to support non-adaptive PUSCH HARQ retransmission in Rel-13.
Proposal 4:

· Confirm the working assumption that same-subframe scheduling for PDSCH (i.e., the one associated with an M-PDCCH in the same subframe) for LC-MTC UEs is NOT supported. 

Proposal 5:

· For the remaining cases, RAN1 to assume the handling of retuning time according to the table below for LC MTC UEs requiring up to two symbols retuning time:
	Prior subframe
	Next subframe
	Action

	UL PUSCH
	UL PUSCH
	Alt 1: Rate-match last SC-FDMA symbol of prior subframe and puncture the first SC-FDMA symbol of the later subframe.
Alt 2: Puncture last SC-FDMA symbol of the earlier subframe + first SC-FDMA symbol of the later subframe

	UL PUSCH
	UL PUCCH
	Puncture the last (up to) two SC-FDMA symbols of the PUSCH subframe.

	UL PUCCH
	UL PUSCH
	Puncture the first (up to) two SC-FDMA symbols of the PUSCH subframe.

	UL PUCCH
	UL PUCCH
	At least 1ms retuning time for hopping between PUCCH regions.


Proposal 6:

· Define intra-frequency measurement gap patterns that a UE may use at least for intra-frequency cell identification or measurements or for sub-band CSI measurements if defined. The UL transmissions from an FDD UE are not suspended during such measurement gaps.
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