Page 1

3GPP TSG RAN WG1 Meeting #93
















R1-1806523
Busan, Korea, May 21st – 25th, 2018
Source:
Intel Corporation

Title:
On slot aggregation for URLLC
Agenda item:
7.1.3.3.4
Document for:
Discussion and Decision

1 Introduction

One of the outstanding leftovers from the first NR Rel.15 NSA drop is the support of PUSCH/PDSCH repetitions within a slot. However, it is still relevant to support URLLC use cases within Rel.15 second drop. In this contribution, the details of transmission aggregations within a slot are discussed in application to URLLC scenarios.
2 Target Modes for Repetitions within a Slot

First, the target transmission modes or configurations need to be identified where repetitions within a slots are really necessary. It is noted, that first of all, repetitions for PDSCH may not be crucial since in general the lower spectrum efficiency required for URLLC may be achieved by allocating more bandwidth due to no power limitation at gNB side. Moreover, a single-shot transmission may also be configured with MCS supporting very low SE once the design of CQI/MCS tables for BLER target 1e-5 is finalized.
Further, in case of grant-based UL transmission, the time domain resource allocation mechanism already provides almost exhaustive set of combinations of starting positions and durations for PUSCH transmission by SLIV signalling and therefore, additional flexibility in terms of potential PUSCH durations achieved by repetitions is really an optimization.
Finally, it can be concluded that repetitions within a slot may only be targeted to be supported in case of UL transmission with configured grant where it can enjoy very flexible starting position within a configured repetitions bundle but with opportunistic number of repetitions transmitted.
Proposal 1

· Support PUSCH repetitions within a slot for the case of UL transmission with configured grant
· Do not support PDSCH repetitions within a slot and PUSCH repetitions within a slot for dynamic grant case

· Corresponding features in UE capabilities need to be removed
3 PUSCH Repetitions within a Slot

Following the conclusion in the previous section, details of PUSCH repetition within a slot for UL transmission with configured grant are discussed. The considerations below were already brought up many times during the work item and are summarized once again in this section. First, the time domain allocation aspects are presented, then the frequency domain allocation aspects are considered.
3.1 Time-domain Resource Allocation

At the last meeting, it was concluded that in both cases of PUSCH mapping type A and type B the repetitions are performed by applying the same symbol allocation in consecutive slots. In order to enable the repetitions within a slot, additional semi-static signalling seems required to switch between potentially new repetition behaviour and the legacy behaviour. In that case, the signalling should be a part the configured grant configuration signalling and be common for both Type 1 and Type 2.
Proposal 2

· Repetitions within a slot are only applicable to PUSCH mapping type B and are enabled/disabled semi-statically by UE-specific RRC configuration as part of UL transmission with configured grant configuration
If aggregation is configured, the semi-statically derived starting symbol and duration may be assumed to be repeated in consecutive K groups of valid symbols, where K is the aggregation factor configured by RRC. The first group of valid symbols is directly derived from the time domain resource allocation field which signals starting symbol and length in symbols. The other groups of symbols have the same length as the first one and starting symbol index derived as the next valid symbol after the previous group of symbols in an aggregation. In other words, the allocations are repeated back-to-back without gaps within the valid symbols.

Proposal 3
· If PUSCH repetitions within a slot are configured, the repetition resources are allocated consecutive to the initial PUSCH transmission and have the same duration

It should be noted, that repetitions within a slot are mainly targeting low latency use cases in order to exploit the feature of flexible starting positions when RV sequence {0, 3} or {0} is configured. Therefore, to avoid unnecessary complications, such a mode may only be allowed for periodicities not greater than one slot.

Proposal 4
· A UE is not expected to be configured with repetitions within a slot and a periodicity of configured grant greater than one slot in the same time
Even limited to periodicities of one slot, the described “multi-mini-slot” transmission procedure may lead to cases when a repetition crosses slot boundary and/or collides with at least scheduled SRS transmission. For such cases, dropping and/or postponing rules may need to be defined.

For example, in case a group of symbols in an aggregated transmission is going to cross the slot boundary, it may need to be postponed i.e. shifted in time to the first valid symbol in the next slot relative to the slot where the previous group of symbols was mapped. In another option, the groups of symbols which are going to cross the slot boundary are dropped while the groups of symbols which are going to be mapped to the next slot(s) are kept.

The cases of potential crossing of slot boundary mainly appear if PUSCH duration is not integer-multiple of slot duration. For example, when 4 symbol duration is used in NCP case. Since for UL configured grant operation all parameters are known/configured in long term, postponing behaviour may be more appropriate than dropping. For the SRS collision case, the dropping of overlapped repetitions may be more suitable since SRS scheduling may be dynamic.

Proposal 5
· When PUSCH repetitions do not fit to a slot, PUSCH repetitions are postponed to the next slot with semi-statically configured UL symbols
· UE is not expected to be configured with a combination of aggregation factor and symbol allocation leading to postponement of repetitions to the next period of UL transmission with configured grant

· In case of PUSCH repetition collision with known SRS, the PUSCH repetition is dropped
3.2 Frequency Hopping
When repetitions within a slot are configured, further details on intra-slot frequency hopping should be defined since the current rule may not always work. Although currently specified values for repetition factor are even numbers (2, 4, and 8), in case the number of actual repetitions within a slot is an odd number (e.g. 3, 5, 7) due to postponing or dropping behaviour, direct application of the current rule for hopping boundary may split the middle PUSCH repetition onto two parts. It is likely that these parts are very short (e.g. 1 symbol in case of 2 symbols PUSCH duration) and therefore DM-RS insertion for these parts may be problematic. Therefore, a potential solution in this case is to modify the hopping boundary calculation rule so that if more than one PUSCH is put within a slot, the number of repetitions in the first hop is floor(N/2), the number of repetitions  in the second hop is ceil(N/2) where N is the number of PUSCH repetitions within a slot, N > 1. Otherwise, i.e. when N = 1, the legacy rule is applied. An example of such behaviour is illustrated in Figure 1.
Alternatively, these considerations may not be valid if the UE is not expected to be scheduled with an odd number of repetitions within a slot other than 1, i.e. UE is not expected to be scheduled with 3, 5, and 7 repetitions within a slot.

Inter-slot hopping for such a scenario should follow the already specified rule.

Proposal 6
· In case intra-slot frequency hopping is configured together with PUSCH repetitions within a slot,

· If the number of PUSCH repetitions N within a slot is more than one, the first hop contains floor(N/2) PUSCH repetitions and the second hop contains ceil(N/2) PUSCH repetitions

· If the number of PUSCH repetitions N within a slot is equal to one, currently specified hopping boundary determination rule is applied
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Figure 1. Illustration of intra-slot hopping in case of PUSCH repetitions within a slot.
4 Conclusions
In this contribution, the leftover feature of PUSCH repetitions within a slot was discussed. Based on analysis, the following is proposed:
Proposal 1

· Support PUSCH repetitions within a slot for the case of UL transmission with configured grant
· Do not support PDSCH repetitions within a slot and PUSCH repetitions within a slot for dynamic grant case

· Corresponding features in UE capabilities need to be removed
Proposal 2

· Repetitions within a slot are only applicable to PUSCH mapping type B and are enabled/disabled semi-statically by UE-specific RRC configuration as part of UL transmission with configured grant configuration
Proposal 3
· If PUSCH repetitions within a slot are configured, the repetition resources are allocated consecutive to the initial PUSCH transmission and have the same duration

Proposal 4
· A UE is not expected to be configured with repetitions within a slot and a periodicity of configured grant greater than one slot in the same time

Proposal 5
· When PUSCH repetitions do not fit to a slot, PUSCH repetitions are postponed to the next slot with semi-statically configured UL symbols

· UE is not expected to be configured with a combination of aggregation factor and symbol allocation leading to postponement of repetitions to the next period of UL transmission with configured grant

· In case of PUSCH repetition collision with known SRS, the PUSCH repetition is dropped
Proposal 6

· In case intra-slot frequency hopping is configured together with PUSCH repetitions within a slot,

· If the number of PUSCH repetitions N within a slot is more than one, the first hop contains floor(N/2) PUSCH repetitions and the second hop contains ceil(N/2) PUSCH repetitions

· If the number of PUSCH repetitions N within a slot is equal to one, currently specified hopping boundary determination rule is applied
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