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1
Introduction
In RAN#80, a new study item on physical layer enhancements for NR URLLC was approved [1]. In Rel. 15, basic support for URLLC was introduced. For NR URLLC Rel. 16, further use cases with tighter requirements have been identified such as factory automation, transport industry and electrical power distribution. The tighter requirements are higher reliability (up to 1E-6 level), higher availability, depending on the use cases. 
In RAN1#94b, following agreement related to PUSCH enhancements for NR URLLC was made and captured in [2]:
Agreements:

· One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.
In this document, we discuss enhancements related to PUSCH repetition to further increase reliability and reduce latency for satisfying Rel. 16 requirements.
2
PUSCH repetition enhancements
2.1 Intra-slot repetition and inter-slot repetition
PUSCH repetition can be categorized as intra-slot repetition and inter-slot repetition. In NR Rel. 15, only inter-slot repetition is supported for PUSCH and there is a restriction that the time-domain allocation between the two slots should be same. For example, if a repetition K starts on symbol N in slot M, then repetition K+1 should be transmitted on symbol N in slot M+1. One of the possible reason for this restriction is to avoid additional signalling related to the indication of starting symbol of each repetition in different slots. In Rel. 16, the main scope related to PUSCH enhancements is mini-slot repetition within a slot, as captured in [1]. Therefore, due to limited time and current scope of the study item, effort should be in the direction of specifying support for mini-slot repetition within a slot rather than introducing enhancements for inter-slot repetition, especially for grant-based. One of the concerns related to additional latency due to the restriction for inter-slot repetition can be handled by introducing mini-slot repetition within a slot in Rel. 16.
Proposal 1: For NR URLLC in Rel. 16, for grant-based, enhancements related to mini-slot repetition (= PUSCH mapping type B) within a slot should be focused.

2.2 Contiguous and non-contiguous repetition
Different possibilities of repetition pattern for mini-slot repetition within a slot are being considered. The high level distinction could be between contiguous and non-contiguous repetition patterns. In contiguous repetition of mini-slots within a slot, there is no gap between the two repetitions, while in non-contiguous repetition of mini-slots, there could be possibly some gap in terms of number of symbols between the two repetitions. The main benefit of contiguous repetitions is that no additional signalling is required to indicate any gap between repetitions, while in non-contiguous repetition, some indication or rule needs to be specified about the possible gap between repetitions. However, the possible benefit of non-contiguous repetitions could be more flexible scheduling with other UEs and/or other traffic types.
Proposal 2: For repetition within the slot, contiguous repetition should be supported and support for non-contiguous repetition patterns should be further discussed as it might need additional signalling.

2.3 DMRS sharing between repetitions

In conventional repetition, the same transport block (TB) is transmitted in all the repetition rounds along with same DMRS configuration. However, this might lead to sub-optimality in terms of DMRS overhead. For example, as shown in Figure 1, in case of 2-symbol PUSCH with initial transmission and 6 repetitions, the DMRS overhead is 50%, which is very high. Even for high mobility UEs, such high density of DMRS is not required. 

Observation 1: Conventional repetition can lead to very high DMRS overhead in certain scenarios where the length of PUSCH is quite short.

One possible enhancement to conventional repetition is to allow the flexibility to remove DMRS from certain repetitions depending up on the channel conditions and reliability requirements. As an example, if it is allowed to remove DMRS from certain repetitions in case of 2-symbol PUSCH with initial transmission and 6 repetitions, one of the possibility could look like Figure 2. This flexibility will not only allow to control the DMRS overhead, but additionally give more flexibility in terms of DMRS configurations that are currently not supported in NR Rel. 15. Furthermore, the overall latency is also reduced by allowing such flexibility. The repetition rounds without the DMRS will share the last available DMRS for channel estimates. 
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Figure 1: Example repetition within a slot                                           Figure 2: Example of DMRS removal from   certain repetitions within a slot
Observation 2: For repetition within the slot for PUSCH, removal of DMRS from certain repetition rounds will allow to reduce the DMRS overhead and provide more flexibility in terms of DMRS configurations, which are not possible currently in NR Rel. 15.

Observation 3: For repetition within the slot for PUSCH, removal of DMRS from certain repetition rounds will also allow to reduce the overall latency and make the resources available for other URLLC/eMBB traffic in the pipeline.

Proposal 3: For repetition within the slot for PUSCH, DMRS sharing between repetitions should be supported.

2.4 Frequency hopping between repetitions

For PUSCH, frequency diversity gains can be further exploited if frequency hopping between repetitions is allowed within a slot. It would give the flexibility to schedule each repetition on two or more hops depending up on the size of the bandwidth part, as shown in Figure 3. Basically, more configurations could be possible in comparison to single transmission within a slot.
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Figure 3: Repetition with frequency hopping

Proposal 4: For repetition within the slot for PUSCH, frequency hopping between repetitions should be supported.
2.5 BWP hopping between repetitions

In NR Rel. 15, up to four BWPs can be semi-statically configured for each UL and DL. The size of the BWPs is mainly dependent up on the traffic size. For relatively smaller packets, narrower BWP is sufficient, while larger packets require relatively wider BWP. From a UE perspective, only one of the configured BWPs is active for each UL and DL in a given TTI. Currently, multiple active BWPs are not allowed. However, BWP switching/hopping is dynamically allowed between different transmissions by using DCI signalling or an expiry timer. 

One benefit of hopping between different BWPs is more frequency diversity, especially when the BWPs are quite narrow. Frequency hopping has been used in LTE in order to achieve diversity gains and as a result improve coverage and reliability. In NR, the frequency hopping within an active BWP is already agreed to be used for PUSCH and PUCCH. Furthermore, BWP hopping between repetitions can provide further diversity gains in certain scenarios. Therefore, for achieving increased diversity gains, inter-BWP hopping could be quite beneficial. 

Current limitation of BWP switching
In NR Rel. 15, switching between different BWPs is dynamically possible by bit indication in the DCI. For low-latency applications, it might not be feasible to wait for the reception and decoding of DCI for switching to different BWP. Furthermore, if repetition is supported for data channel transmission, no control channel with DCI is transmitted during the repetition. Therefore, it is not even possible to switch to different BWP for repetition rounds.
Observation 4: For low-latency applications, DCI-based inter-BWP hopping is not suitable, as it will increase the latency due to the decoding of DCI in order to switch/hop between different BWPs.
Faster BWP hopping for repetition and retransmission

In order to enable faster switching/hopping between different BWPs or support BWP switching in the absence of DCI before repetition round, new mechanism is needed. Also, from URLLC perspective, it is not feasible to have DCI with BWP index bits for every corresponding retransmission, as this would further increase the DCI size instead of having a more compact DCI for URLLC. Therefore, possible ways to allow such hopping should consider following factors:

· No additional signalling in the DCI

· Faster inter-BWP hopping by eliminating the need to decode DCI for switching

One possible solution to allow for faster inter-BWP hopping could be to pre-define different hopping patterns and signal them via higher layer signalling. In addition, there could 1-bit flag in the higher layer signalling to enable or disable the use of these hopping patterns.

Proposal 5: Faster inter-BWP hopping should be supported for retransmissions and repetition of data and/or control channels by defining pre-configured hopping patterns and signalling them via higher layer signalling.

3
Conclusion 
Here we summarize the observations and proposals that have been presented in the sections above:
Proposal 1: For NR URLLC in Rel. 16, for grant-based, enhancements related to mini-slot repetition (= PUSCH mapping type B) within a slot should be focused.
Proposal 2: For repetition within the slot, contiguous repetition should be supported and support for non-contiguous repetition patterns should be further discussed as it might need additional signalling.

Proposal 3: For repetition within the slot for PUSCH, DMRS sharing between repetitions should be supported.

Proposal 4: For repetition within the slot for PUSCH, frequency hopping between repetitions should be supported.

Proposal 5: Faster inter-BWP hopping should be supported for retransmissions and repetition of data and/or control channels by defining pre-configured hopping patterns and signalling them via higher layer signalling.
Observation 1: Conventional repetition can lead to very high DMRS overhead in certain scenarios where the length of PUSCH is quite short.
Observation 2: For repetition within the slot for PUSCH, removal of DMRS from certain repetition rounds will allow to reduce the DMRS overhead and provide more flexibility in terms of DMRS configurations, which are not possible currently in NR Rel. 15.

Observation 3: For repetition within the slot for PUSCH, removal of DMRS from certain repetition rounds will also allow to reduce the overall latency and make the resources available for other URLLC/eMBB traffic in the pipeline.

Observation 4: For low-latency applications, DCI-based inter-BWP hopping is not suitable, as it will increase the latency due to the decoding of DCI in order to switch/hop between different BWPs.
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