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1 Introduction

Major progress on identifying the approach for PDSCH repetitions was made at RAN1#92bis meeting and the following agreements were reached:
	Agreement:

· PDCCH indicates number of PDSCH transmissions associated with the PDCCH. PDCCH may or may not be transmitted with a PDSCH repetition. PDSCH transmissions can be soft combined after a PDCCH is successfully received

· The number of transmissions, k, is the number of PDSCH transmissions associated with the PDCCH starting with the current TTI

· FFS: Values for k

· FFS: What the UE does with PDCCHs received for the TB after a successfully received PDCCH within the repetition window

· Supporting repetition based PDSCH reception is a UE capability. 

· FFS: Details of capabilities and how they are signalled.

· The UE shall discard any PDSCH assignment for a (s)TTI in a serving cell with CRC scrambled with C-RNTI, if PDSCH by means of blind repetition is being received in that (s)TTI in the same serving cell.

· Blind/HARQ-less PDSCH repetitions are enabled by RRC configuration. If configured, a single DCI format is used to schedule PDSCH with a given TTI length. There is a field in the DCI that indicates the number of PDSCH transmissions k associated with the DCI, where k >= 1. 

· FFS on DCI content

Working assumption:

· For HARQ for repeated PDSCH transmissions, the UE shall report HARQ feedback with the timing given by the last PDSCH repetition.


In this contribution, the remaining details of PDSCH repetitions using dynamic indication are discussed. The aspects of UL SPS repetition enhancements are presented in [1].
2 UE Procedures for PDSCH Repetitions

It was agreed that the repetition factor for PDSCH is signaled dynamically in DCI. The main motivation was to efficiently support different resulting transmission durations, i.e. for services requiring short or long transmission with or without repetitions.
The support of repetitions was discussed regardless of TTI durations, whether it is sub-frame, slot, or sub-slot. Therefore, potential set of repetition levels may be finally dependent on particular scheduled TTI duration.

For the case of sub-frame based PDSCH, the set of repetition levels may follow the NR design where 1 (no repetition), 2, 4, and 8 are supported. However, this particular set may not be suitable for sub-slot PDSCH repetitions since the sTTI sub-slot layout assumes 3 sub-slots within a slot and 6 sub-slots within a sub-frame. Thus, for better alignment with sTTI structure and achieving resulting effective transmission duration of up to 1 ms, a set of 1,2,3,6 repetitions may be adopted. For the case of slot-based PDSCH, the set of repetition levels may be aligned with sub-slot one since it provides better resource sharing and since the short TTI transmission may not require overall such long transmission up to 8 slots which neglects the benefits of the finer starting position. The potential mapping of DCI field code-points to repetition levels is summarized in Table 1.
Table 1. DCI field for repetitions.

	DCI bit field
	Sub-frame
	Slot or sub-slot

	00
	1 (no repetition)
	1 (no repetition)

	01
	2
	2

	10
	4
	3

	11
	8
	6


Proposal 1

· Signaling of repetitions in DCI is done by a 2-bit field indicating four possible repetition levels
· The set of repetition levels includes “no repetition”
· Other than “no repetition”
· 2, 4, 8 are possible repetition levels for the sub-frame based scheduling

· 2, 3, 6 are possible repetition levels for slot and sub-slot based scheduling

Further, the repetitions should be performed in consecutive transmission opportunities of the same duration, i.e. sub-frames, slots, and sub-slots subject to any collision e.g. with changed transmission direction or a dynamic trigger. Moreover, the same RB allocation for repetitions should be assumed as for the initial transmission without hopping and change of the bandwidth.
Currently, there is also a mechanism to enable/disable search space set monitoring in a given sub-slot. Effectively, if all candidates are disabled then no SPDSCH scheduling is possible in these sub-slots if no repetitions are enabled. However, scheduling of repetitions may still be needed even if no control channel is allocated. Therefore, SPDSCH should be mapped regardless of whether there is an associated (S)PDCCH monitoring occasion configured in current slot/sub-slot.
Proposal 2

· Repetitions are performed in consecutive TTIs of the same duration with the same RB allocation
· PDSCH repetition is mapped into a sub-slot regardless of whether it is enabled or disabled for corresponding DCI monitoring by RRC configuration
Additionally, the repetitions may also need to follow the configured SPDSCH/SPDCCH resource sharing mode. In general, the rate-matching behavior should allow to monitor for sDCI scheduling UL during reception of repetitions, therefore additional configurability for rate-matching mode for repetitions may be required. Moreover, the rate-matching should not depend on monitoring during repetitions since it may substantially impact overall reliability in case of SPDCCH decoding failure or positive false detection.
Proposal 3

· Support a mode where rate-matching behavior for repetitions is not dependent on results of SPDCCH monitoring in a given sub-slot / slot

It is well known that exploiting different redundancy versions for repetitions or retransmissions provides coding gains especially if the effective code-rate is more than 1/3. Therefore, support of RV cycling across PDSCH repetitions is a natural choice and should also be enabled. It is also proposed that the same RV cycling sequence as used for all other cases of LTE, i.e. {0, 2, 3, 1} is adopted for (S)PDSCH repetitions as well. Note, DCI scheduling the transmission may still contain RV field which in this case may be used to identify the starting RV in the cycling sequence. In particular:
· RV0 => starting index 0 in the RV cycling sequence

· RV1 => starting index 3 in the RV cycling sequence
· RV2 => starting index 1 in the RV cycling sequence

· RV3 => starting index 2 in the RV cycling sequence

Proposal 4
· RV cycling sequence {0,2,3,1} is applied in case repetitions are configured

· RV field in the (S)DCI scheduling (S)PDSCH transmission identifies the starting RV in the cycling sequence
The TBS determination procedure should be based on the scaling factor corresponding to the TTI length of single transmission and not the overall repeated PDSCH. That is needed to achieve the SE below currently available minimum values in MCS tables.

Proposal 5
· When repetitions are configured, TBS scaling factor is determined based on single TTI duration
All time-dependent PDSCH reception procedures, e.g. DM-RS and PDSCH scrambling should follow the time index of current (S)PDSCH repetition. Moreover, all the rate-matching procedures associated with particular TTI (sub-frame, slot, sub-slot) e.g. due to other channels, CSI-RS, etc. should be performed independent of the initial TTI.
3 DCI Design to Support PDSCH Repetitions
In order to signal the repetitions dynamically, obviously changes are required to current DL DCI formats. First of all, the supported transmission modes should be identified. It is noted, that PDSCH repetitions target achievement of further lower SE comparing to what is supported by currently available MCS/TBS tables along with more efficient resource usage and scheduling flexibility. Therefore, it is natural to assume the modes with single-layer (except TX diversity) and single code-word are supported with repetitions.
Proposal 6

· (S)PDSCH repetitions are supported only for cases of single code-word
Based on the above, all related DCI formats for PDSCH or SPDSCH scheduling should include the repetitions level field of 2 bits if repetitions are enabled by RRC configuration. Such DCI may only be monitored in UE-specific search space. It is also natural to use C-RNTI since no re-interpretation of fields is possible / required in this case.
4 Conclusions

In this contribution, we discussed PDSCH repetition option for LTE HRLLC. Based on the analysis the following is proposed:
Proposal 1

· Signaling of repetitions in DCI is done by a 2-bit field indicating four possible repetition levels

· The set of repetition levels includes “no repetition”

· Other than “no repetition”

· 2, 4, 8 are possible repetition levels for the sub-frame based scheduling

· 2, 3, 6 are possible repetition levels for slot and sub-slot based scheduling

Proposal 2

· Repetitions are performed in consecutive TTIs of the same duration with the same RB allocation
· PDSCH repetition is mapped into a sub-slot regardless of whether it is enabled or disabled for corresponding DCI monitoring by RRC configuration
Proposal 3

· Support a mode where rate-matching behavior for repetitions is not dependent on results of SPDCCH monitoring in a given sub-slot / slot
Proposal 4
· RV cycling sequence {0,2,3,1} is applied in case repetitions are configured

· RV field in the (S)DCI scheduling (S)PDSCH transmission identifies the starting RV in the cycling sequence
Proposal 5
· When repetitions are configured, TBS scaling factor is determined based on single TTI duration
Proposal 6

· (S)PDSCH repetitions are supported only for cases of single code-word
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