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1 Introduction

One of the objectives within the Rel-13 work item on “Further LTE Physical Layer Enhancements for Machine Type Communications (MTC)” [1] is to specify coverage enhancement techniques for MTC applications. The channel design for Rel-13 low-complexity (LC) UEs must support coverage enhancement techniques for reasonable performance at a maximum coupling loss of 155.7 dB. 

In this contribution we discuss outstanding topics related to the definition of PUSCH transmission for Rel-13 low complexity (LC) UEs in normal coverage as well as in coverage enhancement.

2 Discussion
2.1 Overlapping transmissions
Should it be agreed that only UL resource allocation type 0 is supported (i.e. not support type 1)?

It has been agreed LC/CE UE is not expected to be configured with non-contiguous UL resource allocations, and simultaneous PUCCH and PUSCH. As such, there is no need for the Rel-13 LC UE to support PUSCH resource allocation type 1.
Proposal 1 Rel-13 LC/CE UEs do not support PUSCH resource allocation type 1.

How to handle overlapping PUSCH and PUCCH, and PUSCH, PUCCH and PRACH repetitions?

Rel-13 LC/CE UEs do not support simultaneous PUSCH and PUCCH transmission. Therefore, in case of overlap of PUSCH and PUCCH repetitions, either the data from PUCCH needs to be multiplexed with PUSCH, or one of the channels needs to be dropped. The following options were listed for discussion in RAN1#82bis chairman’s note (the options have been renamed for clarity):

· For the subframes where PUSCH repetition and PUCCH repetition overlaps, one option is selected:

· If full overlap:

· Option A1: ACK is multiplexed with PUSCH 

· Option A2: Drop PUSCH

· If partial overlap:

· Option B1: Drop PUSCH during overlap portion

· Option B2: Drop the later channel

· Option B3: ACK is multiplexed with PUSCH on overlapped subframes
Proposal 2 In case of overlap of PUSCH and PUCCH repetitions, when the starting subframes are the same (full overlap), the PUCCH bits are multiplexed with PUSCH.

Proposal 3 In case of overlap of PUSCH and PUCCH repetitions, when the starting subframe is different (partial overlap), the PUSCH subframe is dropped.
Proposal 4 In case of overlap of PUSCH or PUCCH repetitions with PRACH, the UE drops the PUSCH/PUCCH transmission to prioritize PRACH.

2.2 UL HARQ

What HARQ scheme is applicable for PUSCH for LC/CE UEs?
RAN1 #82bis made the following working assumption:
· Working assumption: PUSCH HARQ operation for LC/CE UEs is synchronous
· FFS adaptive and/or non-adaptive PUSCH HARQ retransmission for LC/CE UEs
We propose to confirm the working assumption. Furthermore, adaptive retransmission needs to be supported but non-adaptive retransmission is an optimization that is not strictly necessary. Considering the limited remaining time in the work item we propose to not further consider non-adaptive retransmission.
Proposal 5 Confirm the working assumption: PUSCH HARQ operation for LC/CE UEs is synchronous.
Proposal 6 Rel-13 LC/CE UEs only support adaptive PUSCH HARQ retransmission.

In CE mode B, what is the HARQ-ACK timing if HARQ-ACK falls on a subframe that is not in the monitored M-PDCCH subframe set?
Identified options:
· Option 1: The HARQ-ACK transmission starts in the next valid subframe in the monitored M-PDCCH subframe set.
· Option 2: The subframe with the HARQ-ACK is temporality added to the monitored M-PDCCH subframe set.
· Option 3:  The eNB ensures via PUSCH scheduling that HARQ-ACK SF is always in the monitored M-PDCCH subframe set.
In order to not unnecessarily delay the HARQ-ACK, the UE should receive M-PDCCH with HARQ-ACK feedback according to a well-defined PUSCH-to-M-PDCCH timing relationship (n+k) similar to legacy operation.
Proposal 7 When the PUSCH HARQ-ACK falls on a subframe that is not in the monitored M-PDCCH subframe set, the subframe with the HARQ-ACK is temporarily added to the monitored subset.
In CE mode A, is M-PDCCH monitored in all valid downlink subframes?
Our assumption is that M-PDCCH can be monitored in all valid downlink subframes at least when the UE is configured with an M-PDCCH search space that does not contain candidates with R>1 at least in FD-FDD.
Proposal 8 In CE mode A, M-PDCCH can be monitored in all valid downlink subframes at least when the UE is configured with a search space that does not contain candidates with R>1 at least in FD-FDD.
What is the HARQ-ACK timing if the HARQ-ACK falls on an invalid subframe?

Identified options for CE mode A:
· Option 1: The HARQ-ACK is postponed to the next valid subframe.
· Option 2: The eNB ensures via PUSCH scheduling that HARQ-ACK subframe always falls on a valid subframe.
Identified options for CE mode B:
· Option 1: The HARQ-ACK is postponed to the next valid subframe in the monitored M-PDCCH subframe set.
· Option 2: The eNB ensures via PUSCH scheduling that HARQ-ACK subframe is always in the monitored M-PDCCH subframe set.
In our view, if the HARQ-ACK falls on an invalid subframe then the HARQ-ACK should be postponed to the next valid subframe.

Proposal 9 In CE mode A, if the HARQ-ACK falls on an invalid subframe, the HARQ-ACK is postponed to the next valid subframe.

Proposal 10 In CE mode B, if the HARQ-ACK falls on an invalid subframe, the HARQ-ACK is postponed to the next valid subframe in the monitored M-PDCCH subframe set.
2.3 RV cycling
How should Z be configured when RV cycling is used for Mode B?
PUSCH repetitions can typically use different redundancy versions (RVs) to improve the code rate for better detection performance. Another advantage of RV cycling is that it can be used to support large transport blocks for improved data throughput since the overheads for small transport blocks can become prohibitively expensive. However, fixing the redundancy version can be quite useful from frequency offset estimation perspective. Especially in large coverage enhancement, it is crucial to have a good enough frequency offset estimate to allow coherent combining of the PUSCH repetitions.  

RAN1#82bis made the following agreement:

· In case of PUSCH transmission from LC UEs and UEs operating coverage enhancement

· The redundancy version (RV) is cycled every Z subframes
· For no or small repetitions, Z=1

· FFS whether or not a TB can be mapped to X>1 subframes as a bundle

· Value of X FFS

· Otherwise, Z>1

· The scrambling sequences at least for PUSCH data are the same in the same Z subframes

· Z is not explicitly configured

· FFS the value of Z

· The RV cycling follows legacy RV cycling pattern i.e. RV {0,2,3,1}
Proposal 11 Z=1 for PUSCH repetition factors less than or equal to 8. 
Proposal 12 For PUSCH repetition factors larger than 8, Z = min(4, Ych) when frequency hopping is used and Z=4 if frequency hopping is not used. 

2.4 Repetition factors
The value set for number of PUSCH repetitions should be signalled semi-statically over the RRC. The actual number of repetitions can be signalled dynamically, as a part of the downlink control information (DCI). The value sets correspond to coverage enhancement modes Mode A and Mode B that cater to no-to-small and medium-to-large coverage enhancement respectively. There should be sufficient overlap between the number of repetitions used for Mode A and Mode B to ensure that there is no large degradation in the PUSCH performance during the transitional period when a change of mode is needed.

The number of PUSCH repetitions for a given CE level depends on the BLER target and the transport block size (TBS). A set of suggested repetition values for an intermediate TBS (e.g. 72 bits) can be defined, and it is up to the deployment configuration to deviate from these values depending on the quality of service requirements and the operator policy.
Proposal 13 Take the results in Table 1 into account when determining the ranges for number of PUSCH repetitions for different CE levels.
Table 1: Suggested repetition factor (R) for PUSCH TBS 72 bits and 1-PRB allocation for different coverage enhancement (CE) levels. The summary of simulation results is available in [2] and [3]
	CE Level (enhancement)
	MCL [dB]
	Repetition factor (R)
	Freq hop (Y_ch)
	CE Mode
	Comments

	0 (0 dB)
	140.7
	1
	0 ms
	-
	

	1 (3 dB)
	143.7
	2
	0 ms
	Mode A
	For small reps, combination of PUSCH subframes is reasonably coherent.

	2 (6 dB)
	146.7
	4-8
	e.g. 4 ms
	Mode A
	

	3 (9 dB)
	149.7
	12-20
	e.g. 4 ms
	Mode A
	

	4 (12 dB)
	152.7
	20-32
	e.g. 8 ms
	Mode B
	In case of repetitions, PUSCH combining gain suffers due to inaccurate channel and frequency offset estimation.

	5 (15 dB)
	155.7
	50-80
	e.g. 16 ms
	Mode B
	

	6 (18 dB)
	158.7 (Tx power 20 dB)
	128-256
	e.g. 16 ms
	Mode B
	


3 Conclusions

Based on the discussion, we have the following proposals:
Proposal 1
Rel-13 LC/CE UEs do not support PUSCH resource allocation type 1.
Proposal 2
In case of overlap of PUSCH and PUCCH repetitions, when the starting subframes are the same (full overlap), the PUCCH bits are multiplexed with PUSCH.
Proposal 3
In case of overlap of PUSCH and PUCCH repetitions, when the starting subframe is different (partial overlap), the PUSCH subframe is dropped.
Proposal 4
In case of overlap of PUSCH or PUCCH repetitions with PRACH, the UE drops the PUSCH/PUCCH transmission to prioritize PRACH.
Proposal 5
Confirm the working assumption: PUSCH HARQ operation for LC/CE UEs is synchronous.
Proposal 6
Rel-13 LC/CE UEs only support adaptive PUSCH HARQ retransmission.
Proposal 7
When the PUSCH HARQ-ACK falls on a subframe that is not in the monitored M-PDCCH subframe set, the subframe with the HARQ-ACK is temporarily added to the monitored subset. 

Proposal 8
In CE mode A, M-PDCCH can be monitored in all valid downlink subframes at least when the UE is configured with a search space that does not contain candidates with R>1 at least in FD-FDD.
Proposal 9
In CE mode A, if the HARQ-ACK falls on an invalid subframe, the HARQ-ACK is postponed to the next valid subframe.
Proposal 10
In CE mode B, if the HARQ-ACK falls on an invalid subframe, the HARQ-ACK is postponed to the next valid subframe in the monitored M-PDCCH subframe set.
Proposal 11
Z=1 for PUSCH repetition factors less than or equal to 8.
Proposal 12
For PUSCH repetition factors larger than 8, Z = min(4, Ych) when frequency hopping is used and Z=4 if frequency hopping is not used.
Proposal 13
Take the results in Table 1 into account when determining the ranges for number of PUSCH repetitions for different CE levels.
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