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[bookmark: _Ref521334010]Introduction
Several enhanced mechanisms for PUSCH repetitions were discussed at the RAN1 AH-1901 meeting. It was agreed to target down-selection between a “mini-slot based” repetition scheme, where an UL grant schedules two or more PUSCH repetitions that can be in one slot or across slot boundary in consecutive available slots, and a “multi-segment” repetition scheme, where an UL grant schedules two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations. Some details of both schemes were agreed in [1]. It was also agreed to provide further details of both solutions,
Agreements:
· Down-select between “mini-slot based repetitions” and “two-segment transmission”, aiming in RAN1#96
· FFS the option of using separate grants to schedule PUSCH repetitions in consecutive available slots

Agreements:
Companies are encouraged to provide more details in RAN1#96 at least for the following for potential enhancements of PUSCH:
· Details of the time domain resource determination, including the interaction with the DL/UL direction of the symbols
· Details of TBS determination
· What is different for scheduled PUSCH and configured grant?
· E.g. for configured grant, should the transmission be allowed to postpone when conflicting with DL symbols?
· Comparison between the two schemes, including the potential performance evaluation/analysis (including latency, reliability, etc.), complexity, overhead, etc.
This contribution compares the two candidate repetition schemes and provides some recommendations for Rel-16 specification. Other PUSCH enhancements specifically for configured UL grant operation are treated in a companion contribution [2].

Enhanced PUSCH repetition 
The basic difference between the two proposed PUSCH repetition schemes is shown in Figure 1. The mini-slot repetition scheme in Figure 1(a) consists of K PUSCH repetitions, where each PUSCH instance is configured with a nominal duration of L symbols. In contrast, for the multi-segment scheme the number of PUSCH repetitions is governed by the number of slot boundaries that would be crossed if the total PUSCH transmission were allowed to cross slot boundaries. Since this is not permitted, each slot boundary terminates one PUSCH transmission. For example, Figure 1(b) depicts a case with PUSCH starting in symbol #2 of slot n and with a total duration over all repetitions of 16 symbols ending in symbol #2 of slot n+1, which results in two segments. Another example of the multi-segment scheme is shown in Figure 1(c) where the total transmission duration spans three slots resulting in a corresponding three PUSCH repetitions in which the second PUSCH spans the entire slot n+1.


[bookmark: _Ref792680]Figure 1 Illustration of (a) mini-slot repetition scheme with K = 4 repetitions and (b) multi-segment scheme with 2 segments
A comparison of these two schemes can be carried out based on different design aspects including frequency and spatial diversity, handling of orphan symbols, TBS determination, and signaling/configuration aspects.

Frequency and spatial diversity 
It was agreed at RAN1 AH-1901 to support at least inter-PUSCH-repetition frequency hopping for the mini-slot scheme, while inter-slot frequency hopping is supported for both schemes.  Frequency hopping is one of the mentioned advantages of the mini-slot repetition scheme over the multi-segment scheme since in general more hops can be transmitted for inter-PUSCH repetition and potentially more frequency diversity gain can be gleaned compared to if only inter-slot repetition is available as in the multi-segment scheme. It was shown in [3] that several factors affect the diversity gain including the allocated BW and the DMRS overhead. Consider the pattern shown in Figure 1 and assume that four hops are applied to the mini-slot scheme, while two hops are applied to the multi-segment scheme. For a large PRB allocation where only two hops are anyway possible over the BWP, the degradation caused by the DMRS overhead for the mini-slot scheme (if DMRS is present in each repetition) has a stronger impact on the performance. However, for smaller allocations, the additional repetitions could provide some performance gain over just two hops. 
Since URLLC allocations can span the range of small to large PRB allocations it is then difficult to say which scheme is preferable based on frequency hopping. Moreover, it should be noted that it may be possible to support additional hops for the multi-segment scheme by applying the Rel-15 intra-slot mechanism to one or more segments. The intra-slot hopping could for instance be applied depending on the duration of a segment within a slot. As shown in Figure 2 hopping is applied in slot n but not in slot n+1 since it is only a 2-symbol PUSCH.  


[bookmark: _Ref797423]Figure 2 Illustration of intra-slot frequency hopping applied for multi-segment scheme
Observation: regarding frequency diversity gain obtained by frequency hopping there is no notable advantage of the mini-slot repetition scheme over the multi-segment scheme.
[bookmark: _GoBack]It was also mentioned that mini-slot repetitions can reap larger spatial diversity gain because different transmit precoders (equivalently different beams) can be transmitted in each hop. For scheduled PUSCH it is possible for the gNB to indicate the precoder for the multi-segment case based on e.g. SRS for low speed scenarios. However, such precoder selection is not possible for a Type1 configured UL grant and even for Type2 it is only possible with frequent reactivations of the configured UL grant. 
Observation: precoder cycling potentially provides spatial diversity gain with additional frequency hops for a configured UL grant.

Utilization of orphan symbols
One aspect potentially affecting mini-slot repetition is whether/how to handle orphan symbols. For a fixed PUSCH duration of L symbols there can be one or more orphan UL symbols at the end of a slot depending on the starting symbol of the first PUSCH repetition in the slot. An example can be seen in Figure 3 for K = 4 repetitions, L = 4 symbols and an orphan UL symbol at the end of the first slot. 
It is instructive to ask why such a scenario should occur in the first place. Consider the case where a gNB schedules PUSCH repetitions as quickly as possible based on a received SR. Absent an early termination mechanism to reduce the configured number of repetitions, the total PUSCH duration remains the same even if the first PUSCH repetition is delayed by one symbol in order to avoid creating an orphan symbol at the end of the slot. Note that the same observation is also true for a configured UL grant as the starting PUSCH repetition can be configured to avoid unutilized UL or flexible symbols. 


[bookmark: _Ref819843]Figure 3 Handling of one orphan symbol

Observation: proper scheduling by DCI or RRC configuration can avoid creating orphan symbols at the end of a slot without increasing the overall transmission latency.
Nevertheless, there may be other scenarios where gaps are still present e.g. due to the TDD UL-DL configuration provided by RRC signaling for a serving cell. It may also be beneficial in terms of overall latency to schedule a first PUSCH repetition as soon as possible if PUSCH repetitions are not restricted to the same nominal length. An example is shown in Figure 4 where L-1 orphan symbols are present after a second PUSCH repetition at the end of slot n, deferring the third repetition to slot n+1 in Figure 4(a). A different solution would be to transmit a PUSCH of reduced duration on the orphan symbols, which effectively reduces the total transmission time for the PUSCH bundle as shown in Figure 4(b).  This however introduces the need for additional specification as a threshold needs to be established regarding when to defer or when to transmit a shorter PUSCH. 


[bookmark: _Ref821647]Figure 4 Handling of multiple orphan symbols (a) defer next PUSCH to following slot, (b) transmit PUSCH with reduced duration (c) extend preceding PUSCH
Yet another alternative that still reduces the overall transmission latency would be to extend a preceding PUSCH till the end of the available UL symbols in a slot as shown in Figure 4(c). This is similar in concept to the multi-segment scheme, which in the example of Figure 4 would have resulted in two rather than three PUSCH repetitions. 

Observation: for the mini-slot repetition scheme transmission of a shorter PUSCH repetition as a means to avoid orphan symbols incurs additional specification. On the other hand extension of a PUSCH repetition to avoid orphan symbols is quite similar in concept to the multi-segment scheme. 

Since in any case the network can avoid orphan symbols and to avoid introducing additional rules on the duration of a mini-slot-based PUSCH repetition we have the following proposal:
Proposal 1: no special handling of orphan symbols is introduced for the mini-slot repetition scheme.

TBS determination
It was suggested in [4] that rather than determine the TBS based on the first PUSCH repetition as in Rel-15, it is better to determine the TBS based on the aggregate duration over all PUSCH repetitions. The possible merits/demerits of this approach equally apply to both the mini-slot and multi-segment schemes and would not be a determining factor in selecting either scheme. This issue can be discussed in a WI phase.
Proposal 2: the necessity of a new TBS determination scheme based on the total transmission duration over all PUSCH repetitions can be discussed in a WI phase.

Configuration/signaling aspects
Similarly to Rel-15, for the mini-slot repetition scheme a UE can be configured with a number of repetitions with the key difference being that repetitions are contiguous over UL or flexible symbols. The start and length of the first PUSCH duration is determined by the scheduling DCI or provided by RRC for a configured UL grant. 
For the multi-segment scheme, the number and length of each segment is determined by the SLIV provided by the time domain resource assignment field in a corresponding scheduling DCI or as provided by RRC for a configured Type1 UL grant. To enable crossing of slot boundaries, the valid S and L combinations of the SLIV should support S+L > 14 and L > 14 compared to Rel-15. 
Another signaling aspect to consider is dynamically signaling the number of repetitions in the case of a scheduled PUSCH or configured Type2 UL grant. If a UE supports mixed URLLC and non-URLLC (e.g. eMBB) traffic a single RRC configured number of repetitions may not be suitable particularly when URLLC and non-URLLC PUSCH repetitions are configured to be mini-slot-based and slot-based respectively. Another advantage of dynamically indicating the number of repetitions is when the number of available UL symbols (including across a slot boundary) is not sufficient for all repetitions. In Rel-15 a PUSCH repetition is skipped if at least one symbol in the resource allocation is determined to be DL. For URLLC it may be considered to defer the PUSCH repetition rather than skip in order to ensure reliability but the tradeoff is increased latency. Allowing the gNB to dynamically indicate the number of repetitions is one way to manage the tradeoff between reliability and latency.
To enable a variable number of repetitions for the mini-slot scheme a new field would need to be added to the scheduling DCI. In contrast the multi-segment scheme can natively support a variable number of repetitions based on the SLIV in the scheduling DCI.
Observation: the multi-segment scheme natively supports a variable number of repetitions based on the SLIV whereas an explicit indication in the scheduling DCI would be required if dynamic indication of number of repetitions is to be supported for the mini-slot repetition scheme.
 
Other details for configured UL grant
One difference between scheduled and configured UL grants is how to handle a change in transmission direction. Compared to a scheduled PUSCH where the gNB can avoid conflicting transmission directions by scheduling, a rule may need to be specified on whether the UE skips or defers a PUSCH repetition colliding with DL symbols. For instance, a DCI may indicate a subset of flexible symbols overlapping with a configured UL grant as DL. This issue equally affects both mini-slot repetition scheme and multi-segment scheme, where the possible solutions are either to postpone a PUSCH repetition or to skip. 
Since there is a latency bound for URLLC, postponement would have to be accompanied by a maximum time window beyond which the transmission is dropped. It is therefore simpler to drop a PUSCH repetition if one or more symbols in the configured PUSCH are determined by a received DCI to be DL.
Proposal 3: if one or more symbols in a configured UL grant occasion are determined to be DL by a received DCI, the PUSCH repetition is dropped.

Review of mini-slot repetition versus multi-segment schemes
Based on the preceding discussion, we summarize the comparison between the mini-slot repetition scheme and multi-segment scheme in Table 1.

Table 1 Comparison of mini-slot repetition and multi-segment schemes
	Design aspect
	Mini-slot repetition scheme
	Multi-segment scheme

	Frequency hopping
	Potential performance gain for small to moderate PRB allocations with more hops
	Potential loss in frequency diversity if frequency hopping is not enabled or even possible  within a slot

	DMRS overhead
	Additional specification required to support DMRS sharing in order to reduce DMRS overhead
	No DMRS overhead penalty

	Spatial diversity
	Potential advantage in transmit precoder cycling across multiple hops in a slot.
	If frequency hopping is not applied, spatial diversity gain is only possible if the gNB can reliably indicate appropriate transmit precoder

	Handling of orphan symbols (if present)
	Extension or truncation of nominal PUSCH duration to avoid gap
	Flexible duration avoids orphan symbols

	Signaling/configuration aspects
	Slight change in UE behavior that repetitions are contiguous with respect to signaled or configured first PUSCH repetition.
	Modification to SLIV to support S+L>14 and L>14

	Dynamic indication of number of repetitions
	New field in scheduling DCI 
	Natively supports variable number of repetitions

	TBS determination
	Issue of TBS/MCS determination based on total PUSCH duration or duration of first PUSCH repetition is equally applicable to both schemes 



It can be seen that there is no clear advantage of one scheme over the other. In some cases drawbacks are common to both schemes while in other areas one has some advantage over the other but not all one-sided. More importantly, it has been shown that depending on possible refinements to each scheme e.g. to support handling of possible orphan symbols, the difference between both schemes is not as clear cut. 
As such, one way forward may be to support both schemes based on the SLIV indication and K. For instance, if the S+L in PDCCH indicates that first PUSCH ends by slot boundary and K > 1, the UE applies the mini-slot repetition scheme. Otherwise, if S+L indicates that PUSCH would end beyond slot boundary the UE applies the multi-segment scheme. The value of K is not used for the multi-segment scheme.
Proposal 4: a UE is indicated whether to perform the mini-slot repetition scheme or the multi-segment repetition scheme based on the SLIV value contained in a scheduling DCI or provided in a Type 1 configured UL grant configuration.

PUSCH Power Control
In Rel-15 a UE may be configured with two closed loop power control loops associated with the configuration of multiple SRS resources. The power control loop to use is indicated by the SRI field in a DCI format 0_1 scheduling PUSCH. Furthermore, the UE may be provided with one or more sets of {P0_UE_PUSCH, α} associated with SRS resources. This flexible power control framework based on multiple SRS resources can be extended to providing different power control loops for different traffic types when a UE supports multiple traffic types (e.g. eMBB and URLLC). It is then possible to accumulate TPC commands independently for different traffic types. If necessary this framework also supports an extension of the dynamic range for URLLC TPC commands, if seen as beneficial.
Observation: the Rel-15 UL power control framework provides the necessary tools to support different power control loops for URLLC and non-URLLC PUSCH. 

Conclusion
This contribution compared mini-slot based repetition and multi-segment scheme both scheduled and configured PUSCH.  Based on the comparison between the two schemes we have the following observations
· Observation: regarding frequency diversity gain obtained by frequency hopping there is no notable advantage of the mini-slot repetition scheme over the multi-segment scheme.
· Observation: precoder cycling potentially provides spatial diversity gain with additional frequency hops for a configured UL grant.
· Observation: proper scheduling by DCI or RRC configuration can avoid creating orphan symbols at the end of a slot without increasing the overall transmission latency.
· Observation: for the mini-slot repetition scheme transmission of a shorter PUSCH repetition as a means to avoid orphan symbols incurs additional specification. On the other hand extension of a PUSCH repetition to avoid orphan symbols is quite similar in concept to the multi-segment scheme. 
· Observation: the multi-segment scheme natively supports a variable number of repetitions based on the SLIV whereas an explicit indication in the scheduling DCI would be required if dynamic indication of number of repetitions is to be supported for the mini-slot repetition scheme.
Regarding power control we also observe that 
· Observation: the Rel-15 UL power control framework provides the necessary tools to support different power control loops for URLLC and non-URLLC PUSCH. 

The following proposals are also provided
1. Proposal 1: no special handling of orphan symbols is introduced for the mini-slot repetition scheme.
2. Proposal 2: the necessity of a new TBS determination scheme based on the total transmission duration over all PUSCH repetitions can be discussed in a WI phase.
3. Proposal 3: if one or more symbols in a configured UL grant occasion are determined to be DL by a received DCI, the PUSCH repetition is dropped.
4. Proposal 4: a UE is indicated whether to perform the mini-slot repetition scheme or the multi-segment repetition scheme based on the SLIV value contained in a scheduling DCI or provided in a Type 1 configured UL grant configuration.
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