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1	Introduction
The URLLC L1 study item was approved in RAN#80, and the SID was further updated in RAN1#81 [1]. 
Configured UL grants enhancements is one of the objectives in the SID noted as:
Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot. (RAN1/RAN2)
At RAN1#94bis, the following agreement in terms of configured grant (CG) operation with (mini-slot) repetition has been reached:
Agreements:
· To study further from at least the following:
· Option 1: multiple active configured grant configurations for a BWP of a serving cell
· Option 2: repetition(s) across the boundary of a period P
· Option 3: one transmission cross boundary of a period P 
· FFS the UE behavior when repetitions are collided with the resource which are not available for UL transmissions 
· Note: Switch grant free to grant based retransmission which is available in Rel.15

At RAN1#95, in addition multiple active configured grants have been discussed and the following agreement was reached, and it was clarified, that a single PUSCH transmission instance is not to cross the slot boundary: 
Agreements:
· Multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency 
· FFS details
· Note: it is understood that the above may be related to RAN2-led work on intra-UE multiplexing
· One PUSCH transmission instance is not allowed to cross the slot boundary for UL configured grant 

Moreover, based on the discussions on the support of explicit HARQ-Ack, the following was agreed for further study: 
Agreements:
· For whether to support explicit HARQ-ACK for configured grant for UL, at least study further gNB’s missed detection performance of the PUSCH under configured grant
· Study how to resolve gNB’s missed detection if it is an issue 
· Study should take at least following into account:
· Companies report the false alarm target 
· Companies report the DMRS configuration assumptions
· The number of UEs sharing the time/frequency-domain grant free resource: 1 is the baseline, larger than 1 can also be considered

In this contribution, we discuss envisioned enhancements to UL CG transmission. 
2	Details on multiple active CG configurations 
[bookmark: _Toc415085486][bookmark: _Toc503902285]
In the RAN1#95 decision to support multiple active configured grants, two different use cases are visible from the agreement, namely (i) the support of different traffic types and (ii) enhancing the reliability and reducing the latency. 

Looking first at the case of different traffic types of different configured grants, the point is that a single UE may have different types of UL traffic such as one or more different URLLC traffic types with low latency and/or high reliability and/or (periodic) eMBB traffic to be transmitted. For such cases, the configuration of different CG configurations focusing specifically on the traffic profile (e.g. periodicity, payload size, etc) and the needed latency and reliability targets for the different traffic types could be useful here. As an example, using a ‘URLLC type of’ very low MCS & small TBS CG configuration also for (periodic) eMBB type of traffic will be rather inefficient in terms of UL-SCH resource usage. Therefore, the configurations of different traffic types may at least need to differ in terms of MCS, f-domain RA (i.e. TBS), power control parameters (e.g. P0), DM-RS and periodicity (based on the traffic periodicity for eMBB, based on the traffic periodicity and/or latency target for URLLC). Therefore, independent configurability for different traffic types in these basic parameters of a CG configuration will be needed. In addition, when trying to differentiate the mapping of data to the different multiple active CG configurations it may be helpful to somehow associate different CG configurations with the different supported traffic types for the UE. This may be done by e.g. associating / configuring different LCHs or LCP groups independently for the different CG configurations. 

For the improved reliability and reduced latency, based on the discussions it seems that companies are mainly having in mind the LTE type of multiple active configured grant operation mode – i.e. to reduce the queuing delay basically given by the periodicity P of a single CG configuration and still guaranteeing the reliability by having sufficient PUSCH symbols available for the overall CG transmission of a single URLLC data packet. This is illustrated in the example Figure 1, where the overall PUSCH CG TX window length L is guaranteed, but the queuing delay is reduced to 1 symbol by supporting L multiple active configured grant configurations. Please note, that the overall CG TX window length of L symbols to cross the slot boundary may be achieved by mini-slot repetition (within a slot and across the slot boundary) or through 2-segment transmissions across the slot boundary. 
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Figure 1: Enabling guaranteed PUSCH length L and minimizing the packet data delay
through multiple CG operation

Also, for this application of multiple active configured grants at least the configured starting offset of different configurations need to be different. The gNB may assign in addition e.g. different DMRS-configurations and/or resource allocations that can help the gNB to identify the CG configuration chosen by the UE for its transmission. At least for a single (URLLC) traffic type, there may not be a need to assign independent LCHs or LCP groups for the different CG configurations here and also the MCS/TBS etc. may be common.
For the 2nd identified use case of multiple active configured grants, i.e. increased number of starting positions, either independent configuration of multiple configuration grant configurations (as for different traffic types) or some more compact configuration for multiple CG configurations of the same traffic type could be used.  Moreover, the question was raised during RAN1#95 if multiple active configured grants are to be supported only for Type 1 and/or Type 2 configured grants including the combination of Type 1 and Type 2 configured grants. As we couldn’t identify any issues / complications of not supporting all the possible Type 1 & Type 2 combinations we think that there is no articifical restriction through specification needed here at least for operation of different traffic types with fully independent configurations. 
Proposal 2-1: Support (fully) independent configuration of multiple (active) CG configurations per BWP at least for different traffic types. This includes the combination of multiple active Type 1 and Type 2 configured grants per BWP for a UE. Required configuration flexibility for the same traffic type is FFS.
At RAN1#94, the following items have been identified with respect to multiple active configured grants: 
Agreements:
· Study further whether/how multiple active configured grants for a BWP of a serving cell.
· Identify potential specification impacts and options for both type 1 and type 2
· At least Activation/deactivation mechanism for Type2
· E.g., whether each configuration is activated/deactivated or multiple configurations are activated/deactivated
· Study how to support repetitions with multiple configurations for a BWP of a serving cell
· FFS HARQ process ID determination for both type 1 and type 2
· FFS other specification impacts for both type 1 and type 2
· Study the performance impacts

The time-domain HARQ-ID determination (for both Type 1 and Type 2 CG) can follow the baseline principle of the Rel-15 NR CG operation. But as in case of LTE URLLC not just the number of applicable HARQ processes for a specific CG operation but also the used HARQ process IDs themselves should be configurable to enable HARQ-ID collision management of the multiple active configured grant configurations. Such differentiation could be achieved by e.g. using a HARQ process offset as for Rel-15 LTE, in addition to the number of HARQ processes for a specific CG configuration.
Observation 2-1: Configuration enhancements in terms of applicable HARQ-IDs (in addition to the number of HARQ processes) for a specific CG configuration are seen as needed. The time-domain HARQ-ID determination for Type 1 and Type 2 configured grants can follow the baseline principle of the Rel-15 NR CG operation. 
The activation/release for Type 2 configured grants could be performed through independent DCI signalling (as done for LTE URLLC) or with a single DCI indicating the configurations to be activated/released. Clearly the independent activation/release command has some advantages in terms of flexibility, as e.g. MCS and other physical layer parameters such as time-domain, f-domain allocation can be independently signaled as part of the CG activation command. Some unused bit-field in the DCI (such as the HARQ-ID field as used for LTE URLLC) could be thereby used to indicate the addressed CG index with a required bit length of log2(M), where M denotes the number of CG configurations.
In contrast, when using a single DCI activating all the multiple active CGs the flexibility in the physical layer parameters for Type 2 CG will be restricted and e.g. a bitmap of length M may be used, but then some implicit assumptions e.g. in terms of time domain offset etc. would need to be applied, and f-domain allocation would need to be either the same or with some offset. For CG release command this flexibility restriction is not applicable and a multiple CG release command in this respect has no disadvantage over independent release but will save DL control overhead.
Observation 2-2: Independent activation commands for multiple Type 2 CGs provide the needed flexibility in CG parameter setting. A single DCI releasing one or more Type 2 CGs can save DL control overhead. 
As we noted in our earlier contribution [3] (in Sec. 5), we see that the current CG grant operation is not very well supporting needed changes of the CG parameters for URLLC services with low latency and guaranteeing uninterrupted URLLC service sessions. Enabling independent CG Type 2 activation commands of multiple CG configurations discussed above can already solve this short-coming of the Rel-15 NR CG design for Type 2 CG. 
For Type 1 CG, the only option for the gNB to change the configuration is by RRC reconfiguration resulting in long latency of the intended change and potentially undefined UE behaviour in the RRC re-configuration phase. This is clearly not desirable as the gNB for URLLC services is required to ensure an uninterrupted URLLC service session. Therefore, we think that some more dynamic CG parameter change through L1 signalling of a wider set of CG parameters should be supported also for Type 1 CGs. Such operation could be enabled by supporting multiple CG Type 1 configurations with a dynamic L1 /PDCCH based selection of the intended profile from the group of CG configurations. To take advantage of Type 1 CG for URLLC (having low latency after the RRC configuration in contrast to Type 2 CG), at least one of the configurations (one reference configuration) would need to be active immediately after RRC configuration. The swap to a different pre-configured Type 1 configuration(s) could then be based on a PDCCH message indicating the applicable configuration(s). For this operation, clearly a single DCI activation/release command could be envisioned to choose one or more of RRC configured Type 1 CGs for operation (as for Type 2 release).
Proposal 2-2: Support a dynamic CG profile/configuration change for Type 1 CG through UE pre-configuration of multiple CG Type 1 configurations by RRC signalling, which can be dynamically exchanged/selected by DL PDCCH signalling. 

3	CG PUSCH operation across the slot boundary
The second use case for multiple active configured grants targeting URLLC in terms of improving the reliability and reducing the scheduling latency, basically is to guarantee the certain CG transmission window length L regardless of where the transmission starts. This could certainly create cases where the L symbols go across the slot boundary, which raises the question of how to support these cases. 
The related discussions on ‘mini-slot repetition across the slot boundary’ during RAN1#95 took place in the PUSCH scheduling enhancements AI, with the following agreement to be noted: 
Agreements:
Support at least one of the following 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
· One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations
· N (N>=2) UL grants scheduling N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i-1)th UL grant.
· FFS the definition of available slots

It has been recognized during the RAN1#95 discussions, that the discussions on how to enable a PUSCH transmission across the slot boundary for scheduled PUSCH or CG PUSCH are closely related and that it would be of advantage (if possible) to support the same method/scheme for scheduled & CG PUSCH across the slot aboundary. Looking at the 3 options above, only the 3rd option for scheduled PUSCH cannot be directly applied for configured grant operation – but the first two options, i.e. mini-slot repetition and 2-segment transmission, could be both applied also to CG operation. Therefore, we suggest discussing the method to enable the CG transmission of a single data packet across the slot boundary jointly with the PUSCH scheduling enhancements with the aim to end up (if feasible) with a single solution applicable to both scheduled & CG PUSCH operation. 
Proposal 3-1: Discuss how to enable the CG transmission of a single data packet across the slot boundary jointly with the PUSCH scheduling enhancements as part of the PUSCH scheduling enhancements AI. Aim at specifying (if feasible) a single solution applicable to both, dynamically scheduled and configured grant PUSCH operation. 
Therefore, we would like to refer the interested reader to our contribution on scheduled PUSCH enhancements in [4] and would focus in the rest of this section on the related CG specifics. 
One issue we would like to raise here is the limited configurability of the Rel-15 periodicities for CGs. The current periodicity values are multiples of 2 & 7 symbols to guarantee, that a single CG transmission occasion (CG TX window) is not to cross the slot boundary. With the Rel-16 enhancement enabling to cross the slot boundary for the CG transmission of a single data packet (through mini-slot repetition or 2-segment CG operation) discussed above, it should be possible to also provide additional CG periodicities where a single CG TX window can cross the slot boundary. Especially for e.g. L=3 or 4 symbol CG PUSCH being of interest for URLLC operation, the smallest available periodicity would be 7 symbols which limts the usage of a single CG configuration and thereby is far from optimal in terms of latency performance of Rel-15 CG operation. 
Clearly, also in Rel-16 the configured periodicity should be again no smaller than the CG TX window of a single HARQ-ID / TB to prevent overlapping CG transmission opportunities of a single CG configuration. But otherwise, we could think of enabling an increased number of periodicities with the following restrictions to be considered: 
· 1 symbol periodicity does not seem to make too much sense here. Therefore, we should focus on additional periodicity of >2 symbols
· Periodicities of multiple of 2 symbols (e.g. 4,6,8…) could be possible (combined with CG PUSCH starting at even symbols), which would in a slot independent of the number of symbols at least guarantee 2 symbols for CG PUSCH transmission in a slot (incl. DM-RS).
· E.g. {4,4,4,2|2,4,4,….} for 4 symbol periodicity; {6,6,2|4,6,4|2,6,6|6,6,..} for 6 symbol periodicity, where ‘|’ would indicate the slot boundary
· Additional odd number of symbol periodicity might need further considerations 
· For an odd number of symbols this might result in a single symbol to remain in a single slot (which is not desired, as independent DM-RS will be needed in different slots, leaving no room for data in one of the slots) and thereby somehow not providing the intended regular /periodic CG transmission structure of a certain number L of CG PUSCH symbols. E.g. for 3 symbol periodicity this would lead to {3,3,3,3,2|1,3,3,3,3,1|2,3,3…}. 
Clearly, the details will need to be looked at still, but we would like to suggest in general: 
Proposal 3-2: Specify additional CG periodicities other than multiple of 2 and 7 symbols for a single CG configuration. Details are FFS. 

4	DMRS detection performance and operational consideration
To have better understanding of the necessity to support explicit HARQ-ACK, the following agreement about further study gNB’s missing detection performance was achieved in the previous RAN1 meeting:

Agreements
· For whether to support explicit HARQ-ACK, at least study further gNB’s miss detection performance for grant free PUSCH
· Study how to resolve gNB’s miss detection if it is an issue 
· Study should take at least following into account:
· Companies report the false alarm target 
· Companies report the DMRS configuration assumptions
· The number of UEs sharing the time/frequency-domain grant free resource: 1 is the baseline, larger than 1 can also be considered
Based on these agreements, we have been simulating the gNB’s DMRS miss detection performance with the agreed link level simulation parameters defined in TR 38.204. The detailed simulation parameters are included in the Appendix. The target false alarm rate was set at the level of 1% and DMRS configuration type 1 (for OFDMA PUSCH) was used in our simulation. The performance was evaluated for frequency selective channel (TDL-C with 300ns) and a more frequency flat channel (TDL-A with 20ns). The following Figure 2 illustrates the miss detection performance at gNB side. From the figure, it can be observed that the frequency selectivity of the fading channels brings significant impact on the performance. For example, looking at the SNR values to achieve the miss detection rate of 10-3, with the DM-RS length of 144, the SNR difference is about 5 dB between TDL-A (20ns) and TDL-C (300ns). When the occupied bandwidth becomes wider for frequency selective channels, it suffers more performance loss from frequency selectivity which can be seen by comparing the performance of the cases with 24PRB and 48 PRB resource allocation in TDL-C channel (performance getting worse than better with more DM-RS REs!).  
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Figure 2: Miss detection performance for UL CG PUSCH

The achievable reliability can be estimated based on the available simulation results with frequency selective channel (for example TDL-C). If the current performance curves are following the similar trend, it is not possible to achieve miss detection rate of 10-6 at 3.2 dB (operating point from IMT-2020 evaluation) [5] since most likely the SNR value corresponding to 10-6 will be well above 4 dB. 
Observation 4-1: Frequency selectivity brings significant performance degradation in terms of miss detection rate of CG PUSCH. 
Observation 4-2: The Rel-16 reliability target of 10-6 cannot be achieved with the current UL CG PUSCH design due to the miss detection performance of DMRS.
To achieve the targeted reliability level, depending on for example the latency requirement and the overall processing time for retransmission, the two scenarios as following should be considered: 
· Scenario #1: retransmission within the latency bound is not possible
With this case, very conservative MCS should be selected for CG PUSCH transmission. Furthermore, since the missing detection performance is not good enough, gNB has to blindly decode the PUSCH at each CG opportunity no matter there is UL transmission or not (i.e. independently of DM-RS based transmission identification). This brings a huge burden for gNB implementation and is therefore not feasible practically speaking. 
· Scenario #2: retransmission is possible within the latency bound
With scenario #2, we could consider two potential directions to achieve the required reliability level. The first option is the same as in Scenario #1 with conservative MCS selection and no HARQ retransmission/combining in practice although there is retransmission possibility within the latency budget. Due to the insufficient DMRS detection performance, gNB is not able to detect the presence of the UE and has to blindly decoding at every CG resource – which again is not feasible from complexity point of view. The second option is configuring UE with explicit HARQ-ACK. In this way in case gNB misses the DMRS, UE autonomous retransmission (due to not receiving ACK) can help to increase the reliability. If the DMRS can be detected, grant based retransmission can take place as well. Of course, in principle it is also possible that gNB does not send UL grant, UE can do autonomous retransmission with CG resource as well.
Observation 4-3: The insufficient DMRS based miss detection performance of CG PUSCH will lead to infeasible gNB PUSCH blind decoding complexity. In case re-transmission is possible within the latency bound, explicit HARQ-ACK enabled UE autonomous retransmission can increase the reliability.

5	Explicit HARQ-Ack for autonomous retransmission
As shown in Section 4, the detection performance of the current specified DMRS is not sufficient to support URLLC services with high reliability requirement for example 10-6, especially when UE experiences frequency selective channels. Below the discussion is focused on the scenario where retransmission is possible and how the explicit HARQ-Ack can facilitate autonomous retransmission.  
According to the current agreement in RAN2 [2], implicit HARQ-ACK feedback is specified where UE assumes the packet has been received successfully in case no feedback is received at the time when the timer expires. This is desirable from signalling overhead reduction point of view. However, from reliability point of view, the current way is not preferred because this may lead to packet loss in case the packet has not been received successfully and no time is left for higher layer triggered retransmission or increased latency in case where higher layers can trigger the retransmission. One way to overcome this issue is to introduce the support of explicit HARQ-ACK feedback for NR configured grants. In case the gNB fails to identify the UE and decode the TB (i.e. the gNB is not aware of the UEs configured grant transmission), the UE does not receive the ACK and the TB can be (autonomously) re-transmitted by the UE at the time when a certain ‘UE autonomous CG re-transmission timer’ is expired. In this way, there is no need to wait for higher layers e.g. RLC to trigger the retransmission, which can improve the latency of URLLC CG transmissions as well as reliability (because reliability is defined against the latency target).
[bookmark: _Hlk525806740]The main concern of introducing explicit HARQ-ACK could be signalling overhead. However, considering the stringent latency and reliability requirements, spectral efficiency becomes less critical. Furthermore, with the potential optimization of the explicit HARQ-ACK feedback such as group common PDCCH for HARQ-ACK, the introduced overhead could be tolerable. 
Considering HARQ-ACK design, at least the following options should be studied further:
· Option 1 UE specific DCI: The disadvantage of this scheme is the potential high signalling overhead, as for the explicit ACK for a single UE a full DCI/PDCCH candidate needs to be spent. However, this scheme can be applied in the scenarios with sporadic traffic where high reliability is mandatory and sending HARQ-ACK for each UL GF transmission does not necessarily lead to a large resource usage. 
· Option 2 Group common DCI: Group common DCI formats were specified already in TS38.212 for e.g. notifying a group of UEs of the slot format (DCI Format 2_0), pre-emption indication (DCI Format 2_1) and a group of TPC commands (DCI Format 2_3), which should be quite straightforward to be extended to cover the group HARQ-ACK feedback transmission for jointly delivering HARQ-ACK to a group of UEs. The main advantage of this scheme is the reduced signalling overhead by allowing multiple UEs to share a single PDCCH resource. As one example of DCI design, supposing that M UEs within the group and each UE has N active HARQ processes, similar as DCI Format 2_3, the following information can be included in the group common DCI for HARQ_ACK transmission with CRC scrambled by e.g. ACK-CG-RNTI:
-	block 1, block 2, …, block M
where it is assumed that UEs are aware of their relative position within the group and the length of each block is N. 
Clearly the introduction of explicit HARQ-ACK support will bring impacts on UE behaviour. According to the current specification, in case no feedback is received when the timer expires, UE assumes the data packet is correctly decoded at gNB receiver. Such behaviour can be modified as below when explicit HARQ-ACK is enabled for the purpose of UE autonomous CG re-transmission after timer expiry: 
1. If explicit ACK is received, the UE assumes correct reception of the data packet at the gNB and does not take any other further action. 
2. In case an UL grant is received for retransmission, UE can retransmit the same TB with the allocated resource. This is the existing Rel-15 UE behaviour that does not need to be changed.
3. If explicit NACK is supported, in case explicit NACK is received (but no UL resource grant for retransmitting the same TB), the UE will send the same TB with UL GF resource. 
4. In case no feedback is received for the transmitted TB when the ‘UE autonomous CG re-transmission timer’ expires, the UE assumes the transmission has failed, and the same TB will be sent again with UL GF resource similar as in the case of receiving explicit NACK and no UL resource grant for retransmission. From gNB point of view, this could be regarded as a new TB/HARQ process. In this case depending on the overall latency requirement, the timer can be restarted again with the same or different value. In the extreme case when the time budget for the packet is almost over, there would be no need to start the timer, and the UE would not re-transmit the TB again. 
The question may arise on how the reliability of the explicit ACK signalling for UE autonomous CG re-transmission would impact the overall reliability and performance. We therefore analyse in here the different error cases that could occur and discuss the impact on the operation / reliability. As the ACK is to be carried on PDCCH (UE-specific or Group-common), basically two different error cases can occur (i) missed DCI detection (i.e. DCI transmitted but not correctly decoded) and (ii) false-positive DCI detection (DCI decoded, but incorrect). 
· The missed DCI detection based on the UE behaviours’ 1-4 will have the effect, that a possible gNB transmitted ‘ACK’ has not been received by the UE. This may lead to unnecessary re-transmission by the UE based on UE behaviour 4 (i.e. unnecessary usage of resources) compared to Rel-15 – but will not impact the reliability of the transmission itself. 
Please note, that the missed DCI detection rate of the DCI carrying explicit ACK will be on the same level as that of a potential re-transmission UL grant sent by the gNB (assuming the same DCI size). If the missed detection rate of the UL grant scheduling re-transmission is regarded as sufficient, the missed detection rate of the DCI carrying explicit ACK would be even less of an issue as in contrast to a missed detection of the re-tx UL grant the missed detection of the DCI carrying explicit ACK does not impact the reliability. 
· The false-positive DCI detection probability in a certain monitoring occasion is independent of the AL, SINR, DCI size etc. but is only dependent on the number of CRC (and virtual CRC) bits of the DCI and the number of PDCCH candidates. Therefore, the false positive detection probability can be controlled by additionally setting some defined fields in the DCI to specified values to decrease the false positive detection rate. As an example, with 10 BDs and the 20bits CRC this will lead to a false positive detection rate of 9.5*10-6. The false-positive detection rate can be easily decreased to e.g. 6*10-7 by just setting 4 defined bits to 0 which is clearly below the reliabilities discussed here. In addition, as we show below, the false positive detection is not having so much of an impact on the system operation overall:
· If explicit ACK is detected (but the gNB has not correctly decoded the packet), based on UE behaviour 1 the UE will assume correct reception of the data packet but does not take any further action. Therefore, the Rel-15 behaviour would apply and just the Rel-16 reliability enhancement of UE autonomous CG retransmission is not applicable. Therefore, for this error case the performance will be the same as given by legacy Rel-15 NR (but not worse).
· If explicit NACK is supported and explicit NACK would be incorrectly detected, this would lead to an unnecessary autonomous re-transmission by the UE based on UE behaviour 3 which again would lead to unnecessary usage of UL resources (as in case of the missed DCI containing Ack above) but not decrease the reliability. 
Based on the analysis above, it can be concluded that the overall performance in terms of reliability and latency will be improved by introducing explicit HARQ-ACK feedback and supporting UE autonomous CG re-transmission.
Observation 5-1: The support of explicit ACK feedback for CG operation paired with UE autonomous re-transmission after timer expiry can improve the CG reliability performance. The missed or wrong detection of explicit ACK will not deteriorate the related reliability performance compared to Rel-15.  
Based on the above discussions, we believe it is necessary to introduce the support of explicit HARQ-ACK and study further the detailed signalling and UE behaviours. 
Proposal 5-1: Explicit ACK feedback can be configured for UL configured grant operation to increase reliability and latency performance by supporting UE autonomous CG re-transmissions.
· Detailed signalling design and impacts on UE behaviour are FFS.

6	Explicit HARQ-Ack for early repetition termination
In addition to the UE autonomous CG re-transmission, also the early termination of K repetitions based on explicit Ack has been discussed. The introduction of explicit ACK combined with the UE terminating the CG repetition, can bring the following advantages:
· Improving latency: Early termination of K-repetition with the help of explicit ACK can reduce the queuing latency. To be more specific, a new TB within the data buffer can be transmitted as soon as the K-repetitions are terminated early, no need to wait until all the K-repetitions are transmitted.
· Reducing interference at gNB reception: The early termination of K-repetitions based on explicit ACK will reduce the UL interference to other UEs sharing the same UL GF resource and/or the interference to neighbour cells. 
· Reducing UE power consumption by avoiding unnecessary repetition in case K-repetition is configured for a UE through the same early termination mechanism.
It should be noted that the full benefits of explicit HARQ-ACK assisted early termination may not be always available. For example, in case with the simple assumption of 2-symbol length mini-slot CG is available all the time (i.e. with 2-symbol perioditicy) and the processing time is the same for PUSCH decoding and UE ACK decoding, 3 symbols length, if the number of repetition is configured as 4, then the total number of symbols for 4 repetitions is 8, while the ACK can be decoded only at the end of the 9th symbol. In this case the HARQ-ACK is not able to terminate the repetition. Therefore, there is a need for a sufficient number of repetitions for the early termination to be possible.  
When analysing the effect of failed DCI or false-positive detection for the early termination based on explicit ACK the following can be noted: 
· The missed detection of explicit ACK is not having any negative impact compared to legacy operation. Just the possible advantages of the explicit Ack in terms of reduced latency, interference and UE power consumption cannot be achieved. 
· In case of a false-positive detection of explicit Ack, the UE would terminate its K-repetitions of CG PUSCH early even though the gNB has not decoded the CG PUSCH correctly. 
In case the gNB has not correctly decoded (but identified the PUSCH), this may lead to soft-buffer corruption affecting the CG repetition reliability. Independently, the gNB would most probably send a dynamic re-transmission grant to the UE as soon as possible. Therefore, the dynamic grant would take priority (as in case of LTE PHICH / UL grant mismatch) and the UE would re-transmit the PUSCH (as long as the data is still available in the HARQ buffer, i.e. the HARQ process has not been reused). Therefore, there would be no data or scheduled retransmission lost but this may introduce a slight delay due to the stopped repetition and possible reliability reduction due to soft-buffer corruption.
In case the gNB has not detected/identified the PUSCH transmission at all before the PUSCH CG repetitions have been terminated, this behaviour would just be the same as the Rel-15 UE behaviour after the timer expiry. The unintended early termination may increase the probability for the gNB to not identify the UE CG PUSCH transmission at all and therefore will not trigger a re-transmission, which will impact the URLLC CG reliability.  
Observation 6-1: The support of explicit ACK feedback for CG operation paired with early termination of K repetitions can reduce latency, interference and UE power consumption for larger values of K. In case of a false-positive explicit ACK detection error, the latency and reliability of CG repetition operation would be impacted. 


5	Conclusions
In this contribution, we discussed enhancements to UL Configured Grant operation for NR URLLC. 
The discussions on multiple-active configured grants in section 2 can be summarized as: 
Proposal 2-1: Support (fully) independent configuration of multiple (active) CG configurations per BWP at least for different traffic types. This includes the combination of multiple active Type 1 and Type 2 configured grants per BWP for a UE. Required configuration flexibility for the same traffic type is FFS.
Observation 2-1: Configuration enhancements in terms of applicable HARQ-IDs (in addition to the number of HARQ processes) for a specific CG configuration are seen as needed. The time-domain HARQ-ID determination for Type 1 and Type 2 configured grants can follow the baseline principle of the Rel-15 NR CG operation. 
Observation 2-2: Independent activation commands for multiple Type 2 CGs provide the needed flexibility in CG parameter setting. A single DCI releasing one or more Type 2 CGs can save DL control overhead. 
Proposal 2-2: Support a dynamic CG profile/configuration change for Type 1 CG through UE pre-configuration of multiple CG Type 1 configurations by RRC signalling, which can be dynamically exchanged/selected by DL PDCCH signalling. 

The discussions on configuration grant PUSCH to cross the slot boundary in section 3 can be summarized as: 
Proposal 3-1: Discuss how to enable the CG transmission of a single data packet across the slot boundary jointly with the PUSCH scheduling enhancements as part of the PUSCH scheduling enhancements AI. Aim at specifying (if feasible) a single solution applicable to both, dynamically scheduled and configured grant PUSCH operation. 
Proposal 3-2: Specify additional CG periodicities other than multiple of 2 and 7 symbols for a single CG configuration. Details are FFS. 

The discussions on configured grant (DM-RS) miss detection performance in section 4 can be summarized as: 
Observation 4-1: Frequency selectivity brings significant performance degradation in terms of miss detection rate of CG PUSCH. 
Observation 4-2: The Rel-16 reliability target of 10-6 cannot be achieved with the current UL CG PUSCH design due to the miss detection performance of DMRS.
Observation 4-3: The insufficient DMRS based miss detection performance of CG PUSCH will lead to infeasible gNB PUSCH blind decoding complexity. In case re-transmission is possible within the latency bound, explicit HARQ-ACK enabled UE autonomous retransmission can increase the reliability.

The discussions on explicit HARQ-ACK for UE autonomous configured grant re-transmission in section 5 can be summarized as: 
Observation 5-1: The support of explicit ACK feedback for CG operation paired with UE autonomous re-transmission after timer expiry can improve the CG reliability performance. The missed or wrong detection of explicit ACK will not deteriorate the related reliability performance compared to Rel-15.  
Proposal 5-1: Explicit ACK feedback can be configured for UL configured grant operation to increase reliability and latency performance by supporting UE autonomous CG re-transmissions.
· Detailed signalling design and impacts on UE behaviour are FFS.

The discussions on explicit HARQ-ACK for early repetition termination in section 5 can be summarized as: 
Observation 6-1: The support of explicit ACK feedback for CG operation paired with early termination of K repetitions can reduce latency, interference and UE power consumption for larger values of K. In case of a false-positive explicit ACK detection error, the latency and reliability of CG repetition operation would be impacted. 
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Appendix
Simulation parameters used for DMRS detection simulation:
	 Parameters
	Values or assumptions

	Carrier Frequency
	4GHz

	Waveform
	OFDM

	System bandwidth
	20 MHz

	Allocated PRB Number
	As shown in the Figure 2

	Subcarrier spacing
	30kHz

	No. of allocated UEs
	2

	No. of RS REs
	72, 144

	gNB antenna configuration
	4Rx

	UE antenna configuration
	1Tx

	SNR distribution
	Equal SNR between UEs

	Propagation Model 
	TDL-C 300 ns
TDL-A 20 ns

	RS sequence
	NR PN

	False alarm rate
	0.01

	Frequency offset
	0.1 (kHz)

	Receiver
	Correlation based
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