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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 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

In this contribution, we discuss envisioned enhancements to UL configured grant (CG) transmission. This contribution is largely based on our previous contribution R1-1810662 which changes based on agreements and discussions during RAN1#94bis. 
2	Explicit HARQ-Ack for NR Configured Grants
UL configured grant (i.e. grant-free) transmission, where gNB can pre-configure the resource for UL grant free usage, can be utilized for efficient support of low latency services by avoiding the latency from the scheduling request and UL scheduling. Since the grant-free transmissions use contention-based access, collisions can become noticeable in case the configured resource is populated with a large number of UEs with grant-free transmission. This will result in not only URLLC capacity degradation, but also performance degradation in terms of reliability. 
To ensure the reliability of grant-free transmission, not only against the collisions but also other source of errors e.g. deep fading, the utilization of HARQ-ACK feedback of UL grant-free transmission by the gNB becomes vital, especially considering URLLC services. 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 decode the TB and the UE ID (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. 
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, as the main reliability issue of Rel-15 CG PUSCH namely the failed CG PUSCH transmission identification by the gNB with the related overall packet failure after timer expiry can be eliminated.
Observation 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.  
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.

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 2: The support of explicit ACK feedback for CG operation paired with early termination of K repetitions can reduce latency, interference and UE power consumption. In case of a false-positive explicit ACK detection error, the latency and reliability of CG repetition operation would be impacted. 

[bookmark: _GoBack]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 1: Explicit ACK feedback can be configured for UL configured grant operation to increase reliability and latency performance by supporting at least UE autonomous CG re-transmissions.
· Support of early termination of K-repetitions is FFS
· Detailed signalling design and impacts on UE behaviour are FFS.

3	Ensuring K repetitions for NR CG & support of multiple (active) configured grants 
[bookmark: _Toc415085486][bookmark: _Toc503902285]At RAN1#94, ensuring K repetitions for NR CG has been discussed and the following principle agreement was made: 
Agreements:
· Study further whether/how on ensuring K repetitions.

At RAN1#94bis, another related agreement 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

NR supports CG transmission repetition by configuring the UE with the higher layer parameters repK and repK-RV. But depending on the time of arrival of the data in the buffer in relation to the periodicity P, the number of repetitions may be smaller than the configured number of repetitions K as the repeated transmissions need to stop at latest at the last transmission occasion of the period P. The only currently available option to guarantee K transmissions is to delay the start of the transmission to the start of the next periodicity window P which introduces additional delays. 
Therefore, the current NR specification of CG PUSCH repetition is not sufficient for NR URLLC in case the repetitions are required to fulfil the URLLC reliability requirements of a specific service and having a strict delay bound. Thus, enhancements to NR CG operation are envisioned to guarantee a certain total number of PUSCH transmissions of a URLLC data packet applying CG operation. 
Ensuring K total transmissions (or repetitions, as currently noted in 38.214, Sec. 6.1.2.3.1) has also been discussed in the specification of URLLC for LTE in Rel-15 [3]. There, two different methods to minimize the waiting time (by setting P=K) and guaranteeing K total transmissions have been discussed: 

· Option1 – K repetitions to cross the periodicity boundary: Allowing the UE to start its K transmissions in each possible transmission occasion and end the transmission after K transmissions. Similar discussions also happened in LTE in terms of having basically a floating/moving transmissions window of length of K transmissions. 
In the NR as well as the LTE discussions it was recognized that the fully floating nature of the transmission window containing K transmissions will dramatically increase the number of hypothesis on start & end of a data packet transmission for the e/gNB and has therefore neither been adopted for LTE nor for NR in Rel-15. 
· Option 2 – Multiple active configured grants: The second alternative, which had been discussed and adopted for LTE is the support of multiple, simultaneously activated UL SPS / CG configurations where within each configuration the UE is only allowed to start the transmission burst of K transmissions at the beginning of the periodicity/transmission window of length P.
As the configurations are to be regarded as independent, the gNB may assign e.g. different DMRS-configurations or resource allocations that can help the gNB to identify the CG configuration chosen by the UE for its transmission. To minimize the starting delay and at the same time guaranteeing K transmissions, at least K configurations offset by one slot are required by setting P=K. An example for such setup with K=P=4 is shown in Figure 1. 
[image: ]
Figure 1: Enabling guaranteed K and minimizing the packet data delay
through multiple CG operation

As can be seen from Figure 1, when having the transmission window of the individual configurations offset by one slot through appropriate configuration, with 4 configurations and K=4 repetitions the UE will be able to start transmissions in each slot (by selecting the appropriate CG configuration) and transmitting K repetitions of the related UL URLLC data packet. 
At RAN1#94, multiple active CGs have been discussed and the following has been noted: 
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

Based on the RAN1#94 agreements, let’s discuss the potential operation of multiple active configured grants for a BWP on a serving cell to guarantee K repetitions. 
During the RAN1#94 discussions, some companies raised the issue that the overhead in terms of PUSCH resources of multiple configured grants to guarantee K repetitions would be higher compared to the Option 1 operation. Clearly, this is a matter of gNB configuration (and activation) of multiple active configured grants. In case the multiple active CGs use the same parameters except the time-offset as well as the applicable DMRS, the same baseline operation as with Option 1 can be achieved assuming the differentiation of the starting point by using a different DM-RS sequence as shown in Figure 2. 

[image: ]
Figure 2: Multiple active CGs to mimic the repetition across 
periodicity boundary based on gNB configuration

As noted in the related LTE URLLC discussions, we see Option 2 as being more flexible to enable different gNB operation and implementation strategies compared to Option 1. As Option 2 can mimic the Option 1 operation (as illustrated in Fig. 2 above), the performance of the two schemes will be equal for this specific setup but the decoding performance of Option 2 can be better adjusted by different gNB configurations for the multiple configurations of Option 2. Therefore, in case K repetitions need to be guaranteed for NR in Rel-15, Option 2 should be adopted. 
Moreover, Rel-16 NR will support multiple active CGs per BWP as the NR V2X SI already decided the related support at RAN1#94bis:
 Agreements:
· For Uu for advanced V2X use cases, NR supports having multiple active UL configured grants in a given BWP in a given cell. 
· Details FFS
· Draft LS to send to RAN2 in R1-1812002 (Ricardo), which is approved and final LS in R1-1812058

We therefore propose: 
Proposal 2: K guaranteed repetitions for UL configured grant operation is to be enabled by the support of multiple simultaneously active CG configurations on a serving cell (similar as for LTE URLLC in Rel-15). 
The time-domain HARQ-ID determination 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 could be configured (e.g. using a HARQ process offset as for Rel-15 LTE, in addition to the number of HARQ processes). This will provide further flexibility in HARQ process usage & management of Option 2 compared to Option 1. 
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 can be independently configured 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. 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 3: Independent activation commands for multiple Type 2 CGs provide more flexibility in CG parameter setting but with the drawback of higher DL control overhead. A single DCI releasing one or more Type 2 CGs can save DL control overhead. 
As we noted in our previous contribution [5] (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 3: Support a dynamic CG profile/configuration change through UE pre-configuration of multiple CG Type 1 configurations by RRC signalling, which can be dynamically exchanged/selected by DL PDCCH signalling. 

4	Repetition operation within a slot for NR URLLC
The configured grant repetition operation discussed in the previous section is moreover limited to one transmission occasion per slot, as described in TS 38.214 Sec. 6.1.2.3.1. Therefore, although the possible t-domain resource allocation down to 1 symbol and periodicities in the configuration go down to 2 symbols are supported, in case the repetition is configured the periodicity needs to be at least P>K slots to be able support the repetition. And even if some rather short (mini-slot) type of resource allocation of 1 or 2 symbols is configured, the total transmission duration of the packet will be K slots which will limit the achievable latencies for URLLC data services requiring CG repetitions to achieve the reliability requirements. 
Therefore, clearly some CG repetition of ‘mini-slot’ type of t-domain resource allocation within slots should be supported in Rel-16. Similar as in case of Rel-15 slot-to-slot repetition, the same transmission characteristics except (potentially) RV apply for all the transmissions but of course in contrast to the Rel-15 slot-to-slot repetition the symbol allocation needs to be changed. 
This has been commonly acknowledged during the RAN1#94 discussions with the following to be noted: 
Agreements:
· Study further on PUSCH repetitions within a slot for configured grant.

Some of the issues that need further discussion when supporting mini-slot repetition are:
· Mini-slot repetition limited within a single slot (versus enabling mini-slot repetition also across slot boundaries) as already discussed in Rel-15 
· Flexibility & complexity trade-off in terms of supported repetition factors, mini-slot length, flexible symbol operation, … 
· More detailed discussions can be found in Sec. 4.1 below. 
· Frequency hopping operation for mini-slot repetition (within a slot)
· More detailed discussion can be found in Sec. 4.2 below
· Supported repetition factors repK for mini-slot repetition within a slot
· The current available repetition factors of K{2,4,8} may be rather restrictive with respect to support PUSCH mini-slot length L and dynamic NR frame structure operation. As an example, for a PUSCH length L=2 only up to 4 repetitions (8 out of 14 symbols) are supported within a slot – whereas repetition factors of K{5,6,7} could be rather useful to use the available UL slots as much as possible for the repetition operation L=2. Similarly adding K=3 could be useful for a PUSCH length of L=4 symbols.
· Supported periodicities P for mini-slot repetition 
· If only repetition within a slot is to be supported, the current supported CG periodicities of multiple of slots could be sufficient. In case repetition across slot-boundaries is to be supported, a finer granularity than multiple of slots for repetition operation could be considered taking the supported combinations of PUSCH length L and repetition factor K into account. As an example, for K=4 and L=2, a periodicity of P=8 symbols would lead to the best performance in terms of latency. 

Proposal 4: Support mini-slot repetition within a slot for configured grant operation for NR URLLC. Further details including additional supported repetition factors and periodicities are FFS. 

4.1 PUSCH repetition across the slot or UL/DL boundary
In case repetition across the slot boundary (or UL/DL switch) is not supported, the intended number of required PUSCH repetitions cannot be achieved (having a reliability impact) and/or the time instances of the start of a repetition number will be limited to the beginning of the UL period to guarantee the number of repetitions within a slot / UL period (having a queuing/latency impact). Therefore, we believe that PUSCH repetition across the slot boundary and/or UL/DL switch should be supported. Certain details of course need to be still figured out. 
At RAN1#94bis, the following has been agreed:
Agreements:
[bookmark: _Hlk528752787]One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH. 
With think that same should be equally applicable also to CG PUSCH repetition and/or transmissions as e.g. it may not be possible to guarantee the TX phase stability across the slot boundary required for successful decoding.
This leaves the question on where to (i) stop the transmission in one slot & UL period and (ii) where to continue the PUSCH repetition in the next applicable UL slot or period. The TDoc [4] provides a very good starting point for the needed discussions on this topic. 
In [4], it is assumed that only PUSCH transmission/repetitions with the configured number of PUSCH symbols are performed, potentially leaving some orphan PUSCH symbols in a slot of an UL period unused for PUSCH repetition operation, noted with Alt. 1 here. This will guarantee the number of repetitions with the guaranteed number of PUSCH symbols in each transmission but may lead to inefficient PUSCH resource usage, as it will be hard to reuse the empty orphan PUSCH symbols for anything else. To reduce this effect, one could think of also using the remaining (orphan) PUSCH symbols for PUSCH repetition operation if a reasonably large number of PUSCH symbols (compared to the configured PUSCH length) is available, which we denote here with Alt. 2. The difference between these two operation modes is illustrated in Fig. 3, where a PUSCH length of 4 symbols is assumed (as in the discussion & figures of [4]). Between these alternatives there is again the trade-off between reliability (of Alt. 1) and latency/efficiency (of Alt. 2). 
 
Figure 3: Alternatives for the last (orphan) PUSCH symbols in an UL period of a slot 
Now looking at the continuation / resuming of the PUSCH repetition in the next applicable UL period of a slot, 4 different options have been discussed in [4]. Without repeating the discussions in [4] here, we think the PUSCH repetition in principle should be resume as soon as possible in the next applicable UL period of a slot to decrease the overall latency. For FDD (i.e. all UL symbols), the next repetition could start from symbol #0 in the next slot.
Specific considerations for the flexible NR frame structure for TDD are clearly needed. The first thing to consider is how the applicable UL symbols for CG grant operation are defined. For Rel-15 CGs without configured SFI, the UE can use the higher layer configured UL & flexible symbols for CG PUSCH transmission. The same operation could be equally applicable for the PUSCH repetition within a slot. In case the SFI monitoring is configured, based on the Rel-15 operation the UE is allowed to use the higher layer configured UL symbols as well as the higher layer configured flexible symbols which are dynamically indicated as ‘UL’. In this operation, the reliability will be partially affected by the correct reception (and/or missed detection) of the SFI by the UE. In case of SFI is not correctly decoded by the UE, the UE will only be able to use the higher layer configured UL symbols which will result in a different understanding of the symbol usage for PUSCH repetition at UE and gNB side (and thereby may lead to decoding errors). The same issue is present for the case of LTE eIMTA and there the related discussions are still ongoing as well. Again, there is a trade-off between reliability and latency. 
Observation 4: In case of SFI decoding failure, the gNB and UE have a different assumption on the usable UL symbols for CG PUSCH repetition within a slot leading to potential decoding errors. Using the SFI may therefore decrease the reliability whereas neglecting the SFI will increase the latency. 
The flexible frame structure further means, that the first available UL symbol for CG PUSCH in a slot may vary from slot to slot (in case SFI is utilized). The PUSCH transmission may either be starting in the first available UL symbol directly or having at least some ‘starting granularity’ to enable efficient multi-user UL DM-RS multiplexing. As an example, there may be a restriction to CG PUSCH can only start in every e.g. 2nd symbol in contrast to the first symbol. Clearly further discussions will be needed considering the latency and operation trade-offs of the starting points.  
Proposal 5: Support mini-slot repetition within a slot for configured grant operation for NR URLLC across the slot-boundary and UL periods. 
· [bookmark: _Hlk528752846]One PUSCH transmission instance is not allowed to cross the slot boundary. 
· FFS: Usage of SFI for mini-slot PUSCH repetition
· FFS: Usage of orphan PUSCH symbols in a slot
· FFS: First UL symbol for CG PUSCH transmission in the next slot (with SFI)
 
4.2 FH for mini-slot PUSCH repetition within a slot
Several companies raised the issue of FH (and needed changes/adaptation) for mini-slot PUSCH repetition within a slot, as based on NR Rel-15 two different FH modes for configured grants are supported which may need some re-interpretation/adaptation for mini-slot PUSCH repetition within a slot:
1. ‘Mode 1’ (in 38.331) or ‘Intra-slot FH’ (in 38.214): For this operation, the first about half PUSCH symbols in a slot are transmitted on the first hop whereas the remaining PUSCH symbols (of a PUSCH transmission) are using the second hop. Basically, this corresponds to FH within a single PUSCH transmission as for Rel-15 CGs there is only a single CG PUSCH transmission in a slot. 
2. ‘Mode 2’ (in 38.331) or ‘Inter-slot FH’ (in 38.214): Applicable to PUSCH repetition only, where in each slot a different FH is applied. As for Rel-15 there is only a single PUSCH repetition per slot the Mode 2 corresponds to a FH operation from PUSCH transmission/repetition to PUSCH transmission/repetition. 
Clearly, ‘Mode1’ for mini-slot repetition could be directly applied as well as the FH is done within a single PUSCH repetition but then should clearly not be called ‘intra-slot FH’ (in 38.214) but something like ‘intra-PUSCH FH’ (which we denote here with ‘Mode1_1’ to avoid any confusion with the original Mode1).
‘Mode 2’, i.e. ‘Inter-slot FH’, can be directly supported for mini-slot repetition, where the repetitions in a certain slot use a single hop. A variation of ‘Mode 2’ is ‘Mode 2_1’, which uses the principle of having the hopping between consecutive PUSCH transmissions (which could be noted as ‘Inter-PUSCH repetition FH’).
In [4], a modified version of the ‘Mode 1’ principle is suggested which we denote here with ‘Mode 3’, where the first half of the PUSCH repetitions use a single hop and the second half of the PUSCH repetitions use the f-domain resources for the second hop. 
In Figure 4 we illustrate the principle of the different modes assuming 4 repetitions which are located in different slots. 

[image: ]
Figure 4: Different possible FH modes for mini-slot PUSCH repetition
Looking at these 4 different modes, Mode 1_1 is the only mode that provides f-diversity already within the first transmission at the cost of the additional DM-RS overhead (as DM-RS needs to be present each of the hops). As we discuss mini-slot repetition, the additional DM-RS overhead introduced by Mode 1 due to the short PUSCH length compared to e.g. Mode 2_1 (where the full f-diversity is available after the second transmission) may not be justified as the transmission will anyhow continue for several mini-slots. 
Comparing Mode 2_1 with Mode 3, both achieve a balanced usage of FH resources (50/50) but Mode 2_1 provides the frequency diversity gain already after the 2nd transmission (whereas the f-diversity gain for Mode 3 is only available after the 3rd transmission in this case). As we don’t see any real advantage of Mode 3 compared to Mode 2_1, we think Mode 2_1 should be applied for mini-slot repetition within a slot with related FH within a slot. 
For Mode 2 applying inter-slot FH, depending on the start of the PUSCH CG transmission, there may be an unbalanced usage of the FH resources from single TB & UE point of view as shown in the example of Figure 4 (75/25). Therefore, the f-diversity performance of Mode 2 in this case will be worse compared to the three other alternatives. But there may be some advantage of Mode 2 from gNB point of view, as only a single frequency resource is used within a slot for Mode 2 (in contrast to two FH resources in a slot for the other modes). This may enable the gNB in certain scenarios to utilize the frequency resources of the other (unused) hop in slot for dynamic PUSCH scheduling. Therefore, such mode may be supported as well. 
To summarize the discussion here, we clearly think that Mode 2_1 of ‘Inter-PUSCH repetition FH’ has advantages in terms of DM-RS overhead compared to Mode 1_1 ‘Intra-PUSCH FH’ as well as in terms of f-diversity and latency compared to Mode 3 and therefore should be supported. The support of ‘Inter-slot FH’ original Mode 2 for mini-slot repetition within a slot may need further discussion. 
Proposal 6: Support at least ‘Inter-PUSCH repetition FH’ (new Mode 2_1) for mini-slot repetition within a slot. FSS on the additional support of ‘Inter-slot FH’ (original Mode 2). 
5	Conclusions
In this contribution, we discussed enhancements to UL Configured Grant operation for NR URLLC. 
Based on the discussions in this contribution, the following observations and proposals are made: 
Observation 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.  
Observation 2: The support of explicit ACK feedback for CG operation paired with early termination of K repetitions can reduce latency, interference and UE power consumption. In case of a false-positive explicit ACK detection error, the latency and reliability of CG repetition operation would be impacted. 
Proposal 1: Explicit ACK feedback can be configured for UL configured grant operation to increase reliability and latency performance by supporting at least UE autonomous CG re-transmissions.
· Support of early termination of K-repetitions is FFS
· Detailed signalling design and impacts on UE behaviour are FFS.
Proposal 2: K guaranteed repetitions for UL configured grant operation is to be enabled by the support of multiple simultaneously active CG configurations on a serving cell (similar as for LTE URLLC in Rel-15). 
Observation 3: Independent activation commands for multiple Type 2 CGs provide more flexibility in CG parameter setting but with the drawback of higher DL control overhead. A single DCI releasing one or more Type 2 CGs can save DL control overhead. 
Proposal 3: Support a dynamic CG profile/configuration change through UE pre-configuration of multiple CG Type 1 configurations by RRC signalling, which can be dynamically exchanged/selected by DL PDCCH signalling. 
Proposal 4: Support mini-slot repetition within a slot for configured grant operation for NR URLLC. Further details including additional supported repetition factors and periodicities are FFS. 
Observation 4: In case of SFI decoding failure, the gNB and UE have a different assumption on the usable UL symbols for CG PUSCH repetition within a slot leading to potential decoding errors. Using the SFI may therefore decrease the reliability whereas neglecting the SFI will increase the latency. 
Proposal 5: Support mini-slot repetition within a slot for configured grant operation for NR URLLC across the slot-boundary and UL periods. 
· One PUSCH transmission instance is not allowed to cross the slot boundary. 
· FFS: Usage of SFI for mini-slot PUSCH repetition
· FFS: Usage of orphan PUSCH symbols in a slot
· FFS: First UL symbol for CG PUSCH transmission in the next slot (with SFI)
Proposal 6: Support at least ‘Inter-PUSCH repetition FH’ (new Mode 2_1) for mini-slot repetition within a slot. FSS on the additional support of ‘Inter-slot FH’ (original Mode 2). 
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