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1	Introduction
At RAN#80, a SI on Physical Layer Enhancements for NR URLLC has been approved in [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)
In this contribution, we discuss enhancements on UL configured grant (CG) transmission specifically focusing on the examples mentioned in the SID in the following sections. 
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 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, this 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. The introduction of explicit HARQ-ACK feedback, especially explicit ACK, can bring advantages at least as the following points:
· Improving reliability and latency: 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 re-transmitted by the UE at the time when the Timer is expired. In this way, there is no need to wait for high layers e.g. RLC to trigger the retransmission.
· Reducing interference at gNB reception: in case K-repetition is configured for a UE, explicit ACK can be utilized to avoid unnecessary repetition through early termination which could result in reduced interference to other UEs sharing the same UL GF resource pool and/or reduced 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.
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.
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. Considering HARQ-ACK design, at least the following options should be studied further:
· Option 1 UE specific DCI: the UE performs retransmission if it detects DCI with NDI=0 and allocated resource for retransmitting the same TB. ACK can be delivered with DCI with NDI=1 and no valid resource information. The disadvantage of this schemes is the potential high overhead. 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. Further gNB has the flexibility to change the transmission parameters.
· Option 2 Group common DCI: Group common DCI formats were specified 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) already, 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 signal 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 supported: 
· If explicit ACK is received, UE stops sending the same TB in case ACK is received in the middle of K repetitions. ACK message is delivered to upper layers.
· In case an UL grant is received for retransmission, UE can retransmit the same TB with the allocated resource. This is the existing UE behaviour in Rel-15 that does not need to be changed.
· 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. 
· In case no feedback received for the transmitted TB when the timer expires, UE assumes the transmission has failed, and the same TB will be sent again with UL GF resource similar as in case of receiving explicit NACK. 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. From gNB point of view, this could be regarded as a new TB/HARQ process. 
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 for UL configured grant operation is specified to increase reliability and latency performance. Detailed signalling design and impacts on UE behaviour are FFS.
3	Ensuring K repetitions for NR CG
[bookmark: _Toc415085486][bookmark: _Toc503902285]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: 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 NR 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, 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: 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. 
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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. 
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. Therefore, in case K repetitions need to be guaranteed for NR in Rel-15, the LTE solution of Option 2 should be adopted. The details of the configuration, activation/release operation (for Type 2 CG) needs further discussion, where the specified LTE Rel-15 solution could be a good starting point for the related NR discussions. 
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). Details on the configuration, activation/release operation (for Type 2 CG) are FFS. 
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-16 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. 
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, … 
· 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 3: Support mini-slot repetition within a slot for configured grant operation for NR URLLC. Further details including support of repetition across the slot-boundary, additional supported repetition factors and periodicities are FFS. 

5	Support of multiple CG configurations with dynamic configuration selection 
The gNB is only able to choose a UE-specific optimal CG configuration at the time of the CG configuration itself. For example, in case of UE mobility or changes in the network load, some optimal parameter settings for the CG operation of a UE may change over time. 
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 intended as the gNB for URLLC services is required to ensure an uninterrupted URLLC service session. 
For Type2 CG, some CG parameters are defined by L1 signalling in the activation DCI, but the flexibility given by the activation DCI may not be sufficient. As an example, parameters such as power control settings, repetition number and related periodicity cannot be changed by release/activation operation. 
Observation: The Rel-15 NR Configured Grant operation is not well supporting needed changes of the CG parameters for URLLC services with low latency and guaranteeing uninterrupted URLLC service sessions.
Therefore, we think that some more dynamic CG parameter change through L1 signalling of a wider set of CG parameters should be supported: 
· For Type 1 CGs, such operation could be enabled by supporting multiple CG 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 could then be based on a PDCCH message indicating the applicable configuration.
· For Type 2 CG, as noted above, a larger set of parameters may need to be changed over time than provided by the L1 signalling in the activation DCI. As for Type 1 CG operation, the RRC configuration of multiple CG configurations with different higher layer configured parameters could be supported and the activation/release DCIs of the individual CG configurations could be used to select the appropriate one. Similar as for CG Type 1, the (dynamic) selection for CG Type 1 by the respective activation DCI for one configuration could release the previously activated configuration (from the group of CG configurations/profiles) to save the L1 signalling overhead in the selection of /swap to a different Type 2 CG configuration. 

Proposal 4: Support a dynamic CG profile/configuration change through UE pre-configuration of multiple CG configurations by RRC signalling, which can be dynamically exchanged/selected by DL PDCCH signalling. 

6	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: 
Proposal 1: Explicit ACK for UL configured grant operation is specified to increase reliability and latency performance. 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). Details on the configuration, activation/release operation (for Type 2 CG) are FFS. 
[bookmark: _GoBack]Proposal 3: Support mini-slot repetition within a slot for configured grant operation for NR URLLC. Further details including support of repetition across the slot-boundary, additional supported repetition factors and periodicities are FFS. 
Observation: The Rel-15 NR Configured Grant operation is not well supporting needed changes of the CG parameters for URLLC services with low latency and guaranteeing uninterrupted URLLC service sessions.
Proposal 4: Support a dynamic CG profile/configuration change through UE pre-configuration of multiple CG configurations by RRC signalling, which can be dynamically exchanged/selected by DL PDCCH signalling. 
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