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1. Introduction
In previous RAN1-AH#1901 meetings [1], several agreements were made on PUSCH transmission:
	
Agreements:RAN1-AH#1901
· 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:RAN1-AH#1901
· 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.



In this contribution, we discuss some aspects on PUSCH enhancement for URLLC including PUSCH allocation method, how to reduce DM-RS overhead and power control on PUSCH transmission. 
2. Discussion 
2.1. [bookmark: _Ref1050920]How to support multiple transmission for one transport block
In the last meeting, it was discussed how to allocate PUSCH resource for URLLC grant-based UL transmission. As a result, consideration points of two options; “mini-slot based repetition” and “multi-segment transmission” are listed in the agreement in order to down-select. 
For those two options, a lot of pros and cons are already discussed in previous meetings. Since main goal of options are same, main benefit points are also same. Therefore, main drawback of each option would be decision point. A resource inefficiency is one weak point of mini-slot based repetition. To solve this problem, it is mainly proposed to support DMRS sharing among contiguous PUSCH instances. For multi-segment transmission, it is found that big segment is vulnerable to slot format changing and hard to handle slot format when two DL/UL switching points exist in a slot. It was mainly discussed how to resolve this issue in the last meeting. The agreed method is that a UE omits non-UL period from resource allocation and performs multiple PUSCH transmission in each UL period in a slot. To apply this approach, there are several things to be considered.
First of all, we need to clarify how UE determines where UL period is. The definition of “UL period” in our agreement is “Each UL period is the duration of a set of contiguous symbols within a slot for potential UL transmission as determined by the UE”. For symbol for potential UL transmission, there is no issue in case of UL or DL symbol indicated by TDD-UL-DL configuration. However, when symbol is indicated as flexible by TDD-UL-DL configuration, there are a lot of ambiguity. Since flexible symbol can be used for UL, DL and also guard period, UE needs clues in order to determine UL period. Those clues are configured or pre-indicated UL transmission like as following:
· Case 1: Symbol used for UCI transmission by previous DL assignments
· Case 2: Symbols used for UCI transmission like P/SP-CSI reporting configuration
· Case 3: Symbols which can be used for other UL transmission with configured grant
· Case 4: Symbols indicated in other dynamic UL grant
· Case 5: symbols indicated as UL by slot format indicator (SFI) in a DCI.
· Case 6: symbols other than symbol which is used for any DL transmission. 
For case 1-4, we can find that all of these cases imply intra-UE UL resource collision. Moreover, based on Rel.15 specification, UE does not expect to receive UL grant which indicates PUSCH resource overlapping PUSCH on pre-allocated PUCCH resource if there is no enough processing time to UCI multiplexing. And as we know, any two PUSCH resource cannot be overlapped each other. Even if those are possible for some reason, such as intra-UE service prioritization, it is not reasonable and not logical that UE can determine potential UL transmission only if there is UL resource colliding. So, it wouldn’t be proper clue to determine UL period for PUSCH 
For case 5, it is depending on SFI. Considering that SFI is conveyed by DCI and it can have as bit longer periodicity, it is not safe to rely on SFI for URLLC transmission. In Rel.15, we designed that UE trusts any DCI from gNB regardless of previous SFI due to this problem. 
For case 6, we can assume that gNB would not indicate another DL transmission colliding with previous UL grant. So, we may omit a set of symbols which is used for some cases like pre-scheduled PDSCH, PDCCH monitoring or CSI-RS measurement. It could be reasonable criterion. But, some of remaining flexible symbol still cannot be used for UL transmission due to UL-DL switching time including timing advance (TA) and RX-TX transition time. So, to determine available UL resource, UE need to consider required guard period as well. Therefore, if there is no specific rules, UE cannot make sure which resource can be actually used for UL transmission. Moreover, in case of the configured grant, gNB should avoid all of configured UL resource for DL scheduling. Considering that configured grant is not always used, it would be inefficient.  
From those point of view, all of listed cases are not proper to determine UL period. So, it is still unclear how UE can determine UL period in case of flexible resource. Above all, this method is used only when there are two or more UL periods in a slot. Up to rule of determining available resource, if there can be only one UL period having confliction with slot format in a slot, whole transmission in a slot is cancelled. In other words, this approach cannot solve vulnerability to complicated slot format. In addition, this approach makes those two options similar eventually. Of course, mini-slot based repetition could have similar problem. However, mini-slot based repetition is more sturdy than multi-segment due to mini-slot; minimum unit of transmission. If we have mini-slot, UE can trust gNB for some mini-slot and just omit the repetition having a conflict. If not, we need to specify complicate rule for determining resource. 
All thing considered, we prefer to support mini-slot based repetition for URLLC.
Proposal 1: To mitigate slot boundary issue and minimize an effect on PDCCH reliability, it is necessary to support “mini-slot based repetition” for both grant-free and grant-based and for one TB:
· One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· FFS the definition of available slots

To perform mini-slot based repetition, we can simply think of repeating short duration PUSCH side-by-side. Considering limited uplink symbol in dynamic TDD case, it may be efficient way to utilize resources. However, there are symbol level periodicity and various symbol duration. Since current specification only allows 16 ways to allocate time domain resource for a UE, it is not easy to optimize those variety of configuration. If multiple UEs using side-by-side repetition with different symbol duration PUSCH, it is hard to align DMRS symbol among multiple UEs. It may restrict possibility of sharing. 
Alternatively, we can consider to define nominal/logical boundary for repetition within a slot. By restricting start symbol and duration and using specific interval for repetitions, we can prevent TO from crossing slot boundary. In addition to this, when we consider sharing grant-free with a UE using 2 symbol or 7 symbol periodicity, it has beneficial to make repetition method using 2/7 symbol interval. In other words, this approach is to assume ‘sub-slot’ similar to sTTI structure as in LTE. For example, 2 OS sub-slot structure (e.g., 7 of 2 OS sub-slots in a slot) and 7 OS sub-slot structure (e.g., 2 of 7 OS sub-slots in a slot) can be considered where there is one transmission occasion in a sub-slot. To determine sub-slot size, based on time-domain duration, the smallest sub-slot covering the configured time-domain resource can be selected. For example, if OFDM symbol 0-1 is configured, 2 OS sub-slot can be assumed, and if OFDM symbol 0-3 is configured, 7 OS sub-slot can be assumed. 
[image: ]
Figure 1. An example of proposed repetition method

Proposal 2: For supporting PUSCH repetition in a slot, the following options can be considered: 
· Option 1: repeating same PUSCH allocation over consecutive symbols in a slot
· Option 2: repeating same PUSCH allocation with certain periodicity in a slot
· 1 and 2 symbol non-slot scheduling shall be repeated with 2 symbol periodicity 
· Time-domain resource allocation should be in [2N-1th symbol, 2Nth symbol] when N=1, 2, …, 7
· From 3 to 7 symbol non-slot scheduling shall be repeated with 7 symbol periodicity 
· Time-domain resource allocation should be in [1st symbol, 7th symbol] or [8th symbol, 14th symbol]
2.2. Additional consideration point
Without regarding PUSCH allocation scheme, some consideration points remains. In this section, we propose details of PUSCH enhancement for URLLC.
Time domain resource determination
As we describe in section 2.1, flexible slot format could bring a lot of ambiguity to determine available time-domain resource. In case of Rel.15 dynamic UL grant, UE just trust UL grant in a DCI from gNB regardless of slot format. Especially when slot-based repetition is used, only initial repetition is guaranteed by gNB. In other words, other than initial repetition can be omitted by slot format confliction. Considering side effect and specification efforts, it is recommended to keep this principle. 
[bookmark: _GoBack]Proposal 3: To determine time-domain resource allocation for grant-based PUSCH, UE can assume that a part of resource allocation in a DCI is available for UL transmission:
· For mini-slot based repetition, the resource for initial repetition should be available for UL
· For multi-segment transmission, first X symbol in resource allocation should be available for UL
· FFS: how to determine X 
If any scheme is used, PUSCH resource allocation can span UL-DL switching point. It hasn’t discussed yet since there is no contiguous resource allocation crossing slot boundary in Rel.15. So, it can be necessary to omit additional flexible symbols which is implicitly used for UL-DL switching. And for successful UL transmission, gNB and UE should have same assumption for UL-DL switching symbol. Alternatively, UE expect no DL transmission in required switching period. In other words, UE created guard period itself.
Proposal 4: If PUSCH allocations for a TB span UL-DL switching point, following can be considered:
· Option 1: UE assume that X symbols after the preceding DL symbol are invalid for UL
· Option 2: UE assume that X symbols before beginning of given PUSCH are invalid for DL
· X can be derived at least from timing advance of the UE. 
· FFS: additional parameter to determine X

TBS determination
When we try to follow Rel.15 UE behavior, both scheme have some problems. For mini-slot based repetition, actual code rate is multiplied by number of repetitions if TBS is determine by one PUSCH instance. It would bring modulation order which is inappropriate to given code rate. For multi-segment transmission, it haven’t discussed how to determine TBS. 
For mini-slot based repetition, considering that some repetition/symbols can be cancelled during time-domain resource determination, it can be beneficial to set MCS for one repetition. Especially, in the case of configured grant, available number of repetitions would be changed by dynamic SFI. So, at least for configured grant, it is preferred not to change current behavior. It is safer to maintain a reliability of one repetition regardless of SFI interaction. 
If we use multi-segment transmission scheme, resource allocation would be separated multiple PUSCH instance every slot boundary. To serve one TB with multiple PUSCH, each PUSCH instance should have same TBS. So, it is necessary to share same TBS determination among PUSCH instances. As the simplest method, TBS can be determined by REs in resource allocations before separation. In this case, up to MCS and TBS value, some separated resource wouldn’t sufficient for UL transmission. For example, when one repetition have 3 symbols and original resource allocation is 14 symbol with, one repetition cannot convey even systematic bits only. It means that some systematic bits would be not transmitted up to scheduling and RV sequences. It would bring critical performance degradation or scheduling restriction. 
Proposal 5: For TBS determination, it is necessary to consider shortened transmission duration. 
· For mini-slot based repetition, TBS is determined by the resource of the one repetition
· For multi-segment transmission, one repetition should be sufficient to convey X coded bits
· FFS: size of X (e.g., TBS or TBS*(certain target code rate)-1 )
Difference between scheduled PUSCH and configured grant
In the last meeting, it has been decided to have unified solution for PUSCH as much as we can. For this, it is necessary to specify differences between scheduled PUSCH and configured grant in terms of resource allocation. All of difference between scheduled PUSCH and configured grant come from different signaling. It brings at least different slot format interaction. In current specification, only configured grant can be cancelled by dynamic SFI. Since configured grant is not scheduled dynamically, it is good to have robustness against slot format changing for configured grant. 
Meanwhile, Configured grant is used continuously for certain services. It means that, once configured, sufficient TBS should be guaranteed without regarding situation. If TBS is determined by actual transmission duration, it would be hard to support service which requires certain packet size. In this point of view, TBS determination should be consistent at least for configured grant.
Those both are caused from the fact that configured grant is semi-static resource. So, in broad-sense, if we leave something as role of network scheduler, it could make a problem in configured grant case. 
Proposal 6: For TBS determination, TBS should be determined without regarding of actual transmission duration at least for configured grant.

2.3. DMRS sharing on PUSCH repetition
When PUSCH repetition is performed by a UE to achieve higher reliability within a slot, DMRS overhead should be considered. When the duration of each PUSCH repetition is too short like two or three symbols, front loaded DMRS will be mapped on each PUSCH resource and it will occupy quite much resources in one PUSCH transmission instance. Then the DMRS presence in each PUSCH transmission within a repetition could be relaxed because DMRS per each PUSCH transmission would lead higher coding rate, and thus would make it difficult to achieve the reliability requirement. One method to solve this problem is DMRS sharing between PUSCH repetitions. Figure 3 shows an example of DMRS sharing, when a UE is configured with three PUSCH repetitions within one slot, the UE can map DMRS only in first and last PUSCH resources. When network receives the data, for the resource in the middle, it can use the DMRS in first and last PUSCH resource to estimate/decode the data. 
Proposal 7: when non-slot PUSCH repetition within a slot is used, to improve transmit reliability, DMRS sharing between transmitted non-slot PUSCH repetitions could be considered.


Figure 3. An example of DMRS sharing

When a dynamic SFI arrives, it may change the direction or disable one or few resources of non-slot PUSCH repetition, in this case firstly we should consider whether the action of configuring a dynamic SFI to override non-slot PUSCH repetition is possible, if yes, in order to share DMRS in a certain condition, the information of DMRS position can be signalled to UE using DCI. Or in that case, UE can simply assume there is no DMRS sharing in the slot which is re-configured by dynamic SFI.
2.4. Power control on PUSCH transmission
When a UE is scheduled with multiple resources on multiple carriers, the UE will be also indicated transmit power on each carrier. In case of power limited case, it is currently assumed that a UE scales the power based on priorities and UE implementation. In terms of priority, not only UCI contents but also QoS required for each channel/UCI content needs to be considered. Furthermore, to guarantee the power allocated to URLLC packet, it should be possible to drop other overlapping transmissions. By dropping other transmissions, the computed PCmax can be changed (PCmax to transmit one UL can be different from PCmax to transmit two ULs with A-MPR, etc), and it is necessary to reapply recomputed PCmax after dropping. 
Proposal 8: Power limited case should allow highest priority to URLLC traffic potentially including dropping other overlapping UL transmissions. 
2.5. Possible UL grant enhancement for URLLC
It would be beneficial to indicate whether/how perform repetition by UL grant. Since the required number of repetitions is highly related to an amount of resource, the network can adjust the number of repetition in order to get higher resource efficiency from CSI. In addition, UE can lower transmit power when the number of repetition is increased. By increasing the number of repetition, the reliability can be kept even with decreased transmit power. It can be helpful for power limited UE. These beneficial point is applicable to configured grant case as well.
If scheduling grant indicates the number of repetitions, gNB can configure UE with multiple transmission parameter as well according to the number of repetitions or order or repetition. It can be also considered to apply different power during the repetition based on the network configurations or based on the configured number of repetitions. Different power may be configured across multiple repetition resources.
Proposal 9: For UL transmission with dynamic grant, the number of repetitions can be indicated by a L1 signalling
3. Conclusion
We discussed PUSCH enhancement for NR URLLC, and proposed the followings. 
Proposal 1: To mitigate slot boundary issue and minimize an effect on PDCCH reliability, it is necessary to support “mini-slot based repetition” for both grant-free and grant-based and for one TB:
· One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
Proposal 2: For supporting PUSCH repetition in a slot, the following options can be considered: 
· Option 1: repeating same PUSCH allocation over consecutive symbols in a slot
· Option 2: repeating same PUSCH allocation with certain periodicity in a slot
· 1 and 2 symbol non-slot scheduling shall be repeated with 2 symbol periodicity 
· Time-domain resource allocation should be in [2N-1th symbol, 2Nth symbol] when N=1, 2, …, 7
· From 3 to 7 symbol non-slot scheduling shall be repeated with 7 symbol periodicity 
· Time-domain resource allocation should be in [1st symbol, 7th symbol] or [8th symbol, 14th symbol]
Proposal 3: To determine time-domain resource allocation for grant-based PUSCH, UE can assume that a part of resource allocation in a DCI is available for UL transmission:
· For mini-slot based repetition, the resource for initial repetition should be available for UL
· For multi-segment transmission, first X symbol in resource allocation should be available for UL
· FFS: how to determine X 
Proposal 4: If PUSCH allocations for a TB span UL-DL switching point, following can be considered:
· Option 1: UE assume that X symbols after the preceding DL symbol are invalid for UL
· Option 2: UE assume that X symbols before beginning of given PUSCH are invalid for DL
· X can be derived at least from timing advance of the UE. 
· FFS: additional parameter to determine X
Proposal 5: For TBS determination, it is necessary to consider shortened transmission duration. 
· For mini-slot based repetition, TBS determined by the resource of the one repetition
· For multi-segment transmission, one repetition should be sufficient to convey X coded bits
· FFS: size of X (e.g., TBS or TBS*(certain target code rate)-1 )
Proposal 6: For TBS determination, TBS should be determined without regarding of actual transmission duration at least for configured grant.
Proposal 7: when non-slot PUSCH repetition within a slot is used, to improve transmit reliability, DMRS sharing between transmitted non-slot PUSCH repetitions could be considered.
Proposal 8: Power limited case should allow highest priority to URLLC traffic potentially including dropping other overlapping UL transmissions. 
Proposal 9: For UL transmission with dynamic grant, the number of repetitions can be indicated by a L1 signalling

4. Reference
[1]	RAN1 Chairman’s Note, RAN1-AH#1901 meeting. 
Microsoft_Visio____111111111111111111111.vsdx














0
7
13







First PUSCH repetition

Second PUSCH repetition

Third PUSCH repetition

PUSCH resource with DMRS
One slot



image1.png
2 symbol PUSCH
8 times repetition

5 symbol PUSCH
4times repetition

10 symbol PUSCH
2 times repetition

1 slot = 14 symbol

1 slot = 14 symbol

Repeat same PUSCH
allocation with logical
sub-slot structure

2 sym.

7 symbol

1 slot = 14 symbol

1 slot = 14 symbol





image2.emf
0 7 13

First PUSCH repetition

Second PUSCH repetition

Third PUSCH repetition

PUSCH resource with DMRS

One slot


