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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This document summarizes the issues discussed under agenda item 7.2.6.3 based on the contributions submitted to this agenda as listed in the Appendix.
2. Offline outcome
Offline consensus:
· Study further 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

Proposal 2:
· Study further on ensuring K repetitions.
· Detailed mechanism to be studied including the following:
· Repetitions across the boundary of a period P
· FFS: HARQ process identification
· E.g., By the DMRS for the PUSCH
· E.g., By sending HARQ ID as a UCI multiplexed on the PUSCH with satisfying the reliability
· Other options are not precluded
· Realize ensuring K repetitions by multiple active configured grant configurations for a BWP of a serving cell
· Switch grant free to grant based transmission
· FFS the UE behavior when repetitions are collided with the resource which are not available for UL transmissions 
· Performance benefits
· Compared to the Rel.15 repetition rules

Proposal 3:
· Study further on PUSCH repetitions within a slot for configured grant.
· Detailed mechanisms
· time-domain resource allocation for repetitions including possible interference randomization in time domain
· FFS repetitions are contiguous or non-contiguous 
· Whether/how to take into account slot boundary
· frequency-hopping for repetitions including possible interference randomization in frequency domain
· FFS: DMRS pattern for repetitions (E.g. DMRS sharing between repetitions) 
· FFS: utilization of precoder cycling/beam switching
· It is not precluded to study any other mechanism
· Performance benefits
· Single transmission with longer-TTI would be a benchmark
3. Proposed enhancements 
1 
2 
2.1 Multiple active configured grant configurations for the active BWP of a serving cell
In Rel.15, one configured grant configuration for a serving cell, with or without repetition across slots, is supported. Then, study of multiple active configured grant configurations on a serving cell is proposed by [Huawei, 8100], [Nokia, 8570], [Intel, 8707], [Samsung, 8789], [DOCOMO, 9165], [KDDI, 9464]. Among those companies, there is a common understanding on the merit of multiple configurations on a serving cell; it reduces latency without compromising reliability. As seen in Fig. 1 from [Intel, 8707], UE has more opportunities to start PUSCH transmission with keeping K repetitions.
	

Fig. 1	Illustration of multiple activated CG-PUSCH configurations in a cell.



Offline consensus:
· Study further 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
· 
Crystalize the benefits
Compared to single active configured grant.

2.2 Ensure K repetitions
In Rel.15, repetitions for a configured grant transmission is following:
· For the nth transmission occasion among K repetitions, n=1, 2, …, K, it is associated with (mod(n-1,4)+1)th value in the configured RV sequence.
· The initial transmission of a transport block may start at
· the first transmission occasion of the K repetitions if the configured RV sequence is {0,2,3,1},
· any of the transmission occasions of the K repetitions that are associated with RV=0 if the configured RV sequence is {0,3,0,3},
· any of the transmission occasions of the K repetitions if the configured RV sequence is {0,0,0,0}, except the last transmission occasion when K=8.
· For any RV sequence, the repetitions shall be terminated after transmitting K repetitions, or at the last transmission occasion among the K repetitions within the period P, or when a UL grant for scheduling the same TB is received within the period P, whichever is reached first.
· The UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P.
There is a tradeoff between latency and reliability; in order to ensure K repetitions, RV sequence of {0, 2, 3, 1} needs to be configured, but with this RV sequence, the first transmission occasion is available only every 4 transmission occasions. RV sequence of {0, 0, 0, 0} allows the first transmission occasion to be any transmission occasions except the last transmission occasion when K=8, but the repetition ends when the end of the period P comes.
Then, study of ensuring K repetitions irrespective of starting repetition is proposed by [8100, Huawei], [8250, vivo], [8287, MediaTek], [8412, CATT], [8533, LGE], [8570, Nokia], [8789, Samsung], [9101, InterDigital], [9114, Sharp], [9319, Sequans], [9464, KDDI]. On the other hand, [4959, Qualcomm] points out that as long as re-transmission by UL grant is supported, repetition number can be ensured.
Performance benefits of ensuring K repetitions is shown in [8287, MediaTek] as follows:
	Table 4: Evaluation results on packet error rate (K=4).
	Packet rate (packets/sec)
	RV {0, 2, 3, 1}
	RV {0, 3, 0, 3}
	RV {0, 0, 0, 0}

	
	3 UEs
	12 UEs
	3 UEs
	12 UEs
	3 UEs
	12 UEs

	50
	0.000306
	0.001824
	0.002644
	0.016907
	0.010558
	0.040699

	500
	0.002073
	0.092071
	0.026110
	0.200894
	0.059484
	0.248438
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Figure 3: CDF of SINR with RV{0,2,3,1}, RV{0,3,0,3}, RV{0,0,0,0} (K = 4 repetitions).



Two options are identified. First option is to specify such that a repetition can across the boundary of a period P and continues until repeated K times. In this case, the current HARQ process ID determination, which uses transmission occasion, does not work. Therefore, it is proposed to let UE to inform the HARQ process ID of the configured grant transmission by, e.g., DMRS sequence of the PUSCH or sending HARQ process ID as a UCI multiplexed on the configured grant transmission. 
Second option is to utilize multiple active configured grant configurations per BWP of a serving cell; by configuring multiple configured grants with time-shifting manner, it is possible that a configured grant transmission repeats K times without across the boundary of the period P of the configured grant configuration.
Proposal 2:
· Study further on ensuring K repetitions.
· Detailed mechanism to be selected studied including the followingfrom the following options:
· Opt.1: Support Rrepetitions across the boundary of a period P
· FFS: HARQ process identification
· E.g., By the DMRS sequence for the PUSCH
· E.g., By sending HARQ ID as a UCI multiplexed on the PUSCH with satisfying the reliability
· Other options are not precluded
· Opt.2: RRealize ensuring K repetitions by multiple active configured grant configurations for a BWP of a serving cell
· Switch grant free to grant based transmission
· FFS the UE behavior when repetitions are collided with the resource which are not available for UL transmissions 
· Performance benefits
· Compared to the Rel.15 repetition rules

2.3 PUSCH repetitions within a slot for configured grant
In Rel.15, repetition of a configured grant PUSCH transmission is as following:
· Repetition factor is semi-statically configured by dedicated RRC signaling
· Repetition is performed across multiple slots, where time-domain resource allocation for each slot of the repetition is identical across repetitions
However, the above way of repetition does not contribute to lowering latency. Study of PUSCH repetitions within a slot for configured grant is proposed by [8100, Huawei], [8213, ZTE], [8287, MediaTek], [8412, CATT], [8533, LGE], [8570, Nokia], [8707, Intel], [8809, Spreadtrum], [8910, OPPO], [9101, InterDigital], [9165, DOCOMO], [9294, III], [9459, Qualcomm].
For the PUSCH repetitions within a slot for configured grant, one issue is time-domain resource allocation for repetitions; how/whether the repetition takes into account slot boundary (see below, from [8213, ZTE]). Introducing some rules to avoid cross slot boundary or enabling new repetition factor are proposed. As for frequency-domain resource allocation, currently no existing rules are applicable to the frequency-hopping with repetitions within a slot. [8412, CATT] proposes different frequency-hopping offsets across repetitions to avoid continuous interference. In [9459, Qualcomm], time-hopping across repetitions to avoid continuous interference.
	

Figure 2 K repetitions across the slot boundary.
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[bookmark: _Ref521569206]Figure 5: Mini-slot repetition pattern with time-hopping



In Rel.15, new (low-SE 64QAM) MCS table is introduced to realize higher reliability. There is an argument that a PUSCH duration of D symbols with a code rate R/4 would be the same as a K=4 repetition of a PUSCH duration of D/4 symbols with a code rate R. In [9165, DOCOMO], it is highlighted that the benefit of PUSCH repetition within a slot over the single PUSCH with low MCS table would be enabling QCL/precoder-cycling for the case of multiple-TRP scenarios.
	[image: ]
Fig. 2	PUSCH repetitions with multiple TRPs.



Proposal 3:
· Study further on PUSCH repetitions within a slot for configured grant.
· Detailed mechanisms
· Rules for time-domain resource allocation for repetitions including possible interference randomization in time domain
· FFS repetitions are contiguous or non-contiguous 
· Whether/how to take into account slot boundary
· Rules for frequency-hopping for repetitions
· FFS: further including  possible interference randomization in time or frequency domain
· FFS: utilization of multi-TRPprecoder cycling/beam switching
· Performance benefits
· Single transmission with longer-TTI would be a benchmark

2.4 Explicit HARQ-ACK feedback
In Rel.15, for a configured grant transmission, if the PUSCH is not correctly received, the gNB sends an UL grant to request re-transmission of the configured grant PUSCH; otherwise, the gNB does not request re-transmission, in which case the UE considers the configured grant PUSCH is correctly received when the configuredGrantTimer expires (i.e., implicit ACK).
However, with this way, (1) PUSCH DTX at gNB and (2) UL grant DTX at UE are considered as ACK. In order to ensure higher reliability, study of explicit HARQ-ACK feedback from gNB to UE is proposed by [8100, Huawei], [8149, Ericsson], [8213, ZTE], [8304, China Telecom], [8412, CATT], [8533, LGE], [8570, Nokia], [8789, Samsung], [8910, OPPO], [9101, InterDigital], [9294, III], [9464, KDDI]. [9165, DOCOMO] considers current re-transmission by UL grant works well and having explicit ACK requires new L1/L2 UE behavior.
As for the explicit HARQ-ACK, UE-specific DCI to inform ACK (e.g., with a special setting of the DCI fields), UE-group DCI which contains ACKs for a group of UEs, and the introduction of sequence-based ACK are proposed. [8213, ZTE] shows performance benefits of sequence-based ACK over DCI-based ACK as following.
	[image: ]



Proposal 4:
· Study further on explicit HARQ-ACK feedback for configured grant.
· Signalling details of the explicit HARQ-ACK
· Opt.1: UE-specific DCI
· Opt.2: group-common DCI
· Opt.3: Sequence-based ACK
· Performance benefits
· Compared to the case without explicit HARQ-ACK feedback
· Performance comparison among Opt.1-3

2.5 Other proposals
In [8250, vivo], [8910, OPPO], [9294, III], [9319, Sequans], it is proposed to multiplex HARQ process ID, NDI, RV, etc, as a set of UCI onto the configured grant PUSCH. This enables UE to select HARQ process ID and RV. In [9459, Qualcomm], it is proposed to multiplex SR onto the configured grant PUSCH, so that gNB detection reliability can be improved.

In [8533, LGE], [8621, Nokia], it is proposed to indicate repetition factor by the DCI scheduling re-transmission of a configured grant PUSCH.

It is proposed in [8149, Ericsson] and in [8345, Sony] that configured grant configuration is updated by DCI. In [8149, Ericsson], precoder information update by UL grant which schedules dynamic grant PUSCH is proposed. Performance evaluation result is presented to show the benefit of the precoder update (see below from [8149, Ericsson]). In [8345, Sony], the DCI is sent to inform there is eMBB UEs.
	[image: ]
Figure 2: Effective UL SINR with and without UL precoding. Simulation parameters according to Table 1. Precoding is limited to rank 1 LTE Rel-10 precoders on 4 antenna ports. For “No Precoding” transmissions are performed on a single antenna element.



In [8149, Ericsson], it is proposed to introduce UE-group resource allocation. This is based on the understanding that once resource allocation of a configured grant PUSCH for one UE is updated, this impacts on other UEs’ resource allocations, if the resource collision among UEs need to be avoided (see below).
	[image: ]



[8707, Intel] proposes hybrid scheme between Type1 and Type2; activation is carried out by RRC configuration, while deactivation is performed by a DCI.

4. Appendix: Companies’ proposals
R1-1808100	Enhanced UL configured grant transmissions	Huawei, HiSilicon
	Observation 1: Mini-slot-based repetitions can provide more opportunities within a slot to deliver a packet timely upon its arrival, and hence is a key approach to meet the stringent latency requirement of URLLC services with periodic or a-periodic traffic model in Rel.16.

Observation 2: Explicit HARQ-ACK feedback can facilitate early-termination of the repetitions and also trigger the flush of the HARQ buffer timely for the delivery of new packets, thus can improve both latency and reliability performance for URLLC.

Proposal 1: For both Type 1 and Type 2 PUSCH transmissions with a configured grant, more than one mini-slot-based repetition within a slot should be supported for Rel.16.

Proposal 2: For both Type 1 and Type 2 PUSCH transmissions with a configured grant in Rel.16, mini-slot-based K (>1) repetitions within a slot should be supported, where 
· UE determines the first mini-slot-based transmission occasion in each period to start in a symbol as defined in 5.8.2 of TS 38.321 and have a time duration of L consecutive symbols;
· Each of the other K-1 mini-slot-based transmission occasions in one period consists of L consecutive symbols to immediately follow the previous TO but without crossing a slot boundary.

Proposal 3: For both Type 1 and Type 2 PUSCH transmissions with a configured grant in Rel.16, the following options can be considered for indication of the repetition scheme in terms of either slot-based or mini-slot-based repetitions:
· explicit indication by introducing a new RRC parameter.
· implicit indication by comparing the resource periodicity P with a predefined value (FFS the value).

Proposal 4: For both Type 1 and Type 2 PUSCH transmission with a configured grant in Rel.16, the UE determines the available symbols in a slot configuration according to subclause 11.1 of TS 38.213. If the UE determines the number of symbols available for the PUSCH transmission with a configured grant is less than L in a TO, the transmission at that TO is omitted.

Proposal 5: For both Type 1 and Type 2 PUSCH transmission with a configured grant, explicit HARQ-ACK feedback during or after K repetitions should be supported f Rel.16.
· Both group common DCI and UE-specific DCI can be considered for the delivery of HARQ-ACK indication.
· NACK can be assumed if no ACK or UL grant for retransmission scheduling is received when a grant-free transmission timer expires; a grant-free retransmission can be performed by a UE upon NACK.

Proposal 6: For both Type 1 and Type 2 PUSCH transmission with a configured grant in Rel.16, to guarantee a low-latency and yet reliable transmission, repetitions should be continued in time as long as the repetition number hasn’t reached K and no early ACK or UL grant is received.

Proposal 7: For both Type 1 and Type 2 PUSCH transmission with a configured grant in Rel.16, the following enhancements can be considered to meet the latency and reliability requirements of URLLC:
· Multiple active configurations
· UE-specific frequency hopping
· GF2GB retransmission enhancement



R1-1808149	Enhancements to UL Grant-free Transmission for NR URLLC	Ericsson
	Observation 1	Precoding can give significantly improved robustness to URLLC.
Observation 2	Precoder update for configured grant Type 2 can be achieved using configured grant “activation” DCI.
Observation 3	Precoder update for configured grant Type 2 using configured grant “activation” DCI leads to undesirable MAC control signalling on configured grant resource especially when it is a shared resource.
Observation 4	Precoder for configured grant Type 2 can be updated from other (dynamic) UL grants wherein the transmissions according to the other grants may serve as confirmation of updated precoder for the configured grant. Pre-coded UL transmission comprising a DL CSI report is an example of such transmissions.
Observation 5	At least for SC-OFDM and when configured grant is used it is desired to maintain the un-used resources to be un-scattered to enable large contiguous allocation to be used for grant-based transmissions (e.g., eMBB).
Observation 6	When a configured grant allocation need to change due to e.g. changing radio environment several DCIs are needed to maintain the un-used resource to be un-scattered. To maintain the un-used resource to be un-scattered is control channel costly.

Based on the discussion in section 2 we propose the following:
Proposal 1	Further study the pros and cons of implicit and explicit HARQ ACK/NACK for UL configured grant.
Proposal 2	Study methods for efficient modification of allocation without changing other transmission parameters, e.g. introducing a group-common DCI indicating allocation changes.




R1-1808213	Enhanced UL grant-free transmissions	ZTE
	Observation 1: Sequence based solution has 4~8 dB gain than DCI based solution when the two solutions use the same amount of CCEs.
Observation 2: Sequence based solution has 1.5~4.5 dB gain than DCI based solution when sequence based scheme only uses half number of CCEs.
Observation 3:  The existing timer scheme is still useful for misdetection of ACK. 
Observation 4: It is necessary to inform the UE to choose transmission modes between K repetitions across consecutive slots or K repetitions within one slot.
Proposal 1: Asynchronous explicit ACK feedback for UL grant-free transmission should be supported. 
Proposal 2: Adopt sequence based solution for explicit ACK feedback for UL grant-free transmission.
Proposal 3: Mini-slot repetitions within one slot should be supported at least for PUSCH mapping type B.
Proposal 4: DMRS sharing for mini-slot repetitions within a slot should be considered.
Proposal 5:  To further investigate whether and how to allow K repetitions across the slot boundary. 
Proposal 6: For RV sequence {0, 2, 3, 1} or {0, 3, 0, 3}, a new UE behavior should be defined if the first TO collides with SFI. The following could be considered. 
· Allow the transmission of the remaining TOs which is not collide with SFI. RV0 is transmitted on the first available TOs. 
· gNB can configure additional TOs for UE to ensure the K repetitions.
· The additional TOs should not be out of the latency boundary. 



R1-1808250	Enhanced UL grant-free transmissions for URLLC	vivo
	Proposal 1: For UL grant-free transmission for URLLC, K repetitions across the boundary of transmission bundle within the period P should be supported.
Proposal 2: HARQ ID is determined by UE and grant-free UCI including HARQ ID is transmitted together with data.
Proposal 3: For K repetitions, NDI is included in grant-free UCI to differentiate initial transmission and 
repetitions.
Proposal 4: For K repetitions, RV sequence is not associated with the transmission occasion, and RV is included in grant-free UCI.
Proposal 5: For K repetitions, UCI is multiplexed onto each repetition.
Proposal 6: UE prioritizes URLLC UL in grant-free resource over grant-based resource, in case that grant-free resource has higher priority than grant-based resource.
· The priority can be determined by the signalling or configuration in PHY layer or LCP in MAC layer.



R1-1808287	Evaluation of configured-grant for NR URLLC	MediaTek Inc.
	Observation 1: Cross-slot repetitions implies that repetitions cannot be supported with periodicities of 2, 7 and 14 symbols.
Observation 2: With cross-slot repetition in configured-grant, only single-shot transmission with small transmission period (up to 2 OFDM symbols) can meet the latency requirements for 15KHz, which results in inefficient utilization of the radio resources.
Observation 3: When the UE configured with back-to-back repetition and RV sequence {0, 0, 0, 0}, the average alignment delay is reduced due to the flexibility in starting the initial transmission.
Observation 4: The transmission reliability will be jeopardised if UE is not allowed to transmit all the K repetitions.
Proposal 1: Study back-to-back repetitions within a slot for configured-grant to meet the URLLC requirements.
Proposal 2: For UL configured grant, it should be possible for the UE to finish the K transmissions when the UE is configured with RV sequences {0, 0, 0, 0} and {0, 3, 0, 3}.



R1-1808304	Discussion on the Reliability Enhancement for Grant-free Transmission	China Telecommunications
	Proposal 1: Based on the current agreements, the network could configure a larger repetition number to alleviate the issue caused by implicit HARQ-ACK feedback. 
Proposal 2: Introduce a periodic group common DCI to transmit group-based explicit ACK feedback. Feedback time and periodicity can be indicated via RRC signaling.
Proposal 3: Definition of ACK indication content can have different options and the parameters related to these options can be configured via RRC signaling.



R1-1808345	On Enhancement of UL grant-free transmissions	Sony
	Proposal: gNB indicates the UL transmission parameters for URLLC UE with configured grant transmission taking into account whether or not an eMBB UE has been granted overlapping resources on the configured grant resource.



R1-1808412	On enhancements to configured UL grant operation	CATT
		Observation: Configured grant operation is an essential feature for both cyclic and non-cyclic URLLC traffic
Proposal 1: Mini-slot-level repetition should be studied in Rel-16 to reduce transmission latency
Proposal 2: New mechanisms to ensure K repetitions should be studied in Rel-16.
Observation: The benefits of explicit ACK are better suited to interference-heavy scenarios rather than URLLC.
Proposal 3: Consider different frequency hopping offset for each transmission in a set of K repetitions of a TB.



R1-1808533	Discussion on enhancement for grant-free transmission	LG Electronics
	Proposal 1: If additional ACK feedback is necessary, one of following options can be considered:
· Option 1: UE-specific DCI based on UL grant with unusable state of DCI field
· E.g., All 0’s with RA type 0, All 1’s with RA type 1 or no UL-SCH with no CSI request
· Option 2: Group-common DCI having multiple HARQ-ACK entry 
· Each HARQ-ACK entry can be mapped to a PUSCH resource
· FFS: how to map entries to PUSCH resource
Proposal 2: To ensure K times repetition, multiple configurations of configured grant can be supported. 
Proposal 3: For URLLC PUSCH transmission, non-slot PUSCH repetition within a slot should be supported.
Proposal 4: For supporting non-slot repetition, the following options can be considered: 
· Option 1: repeating non-slot PUSCH over consecutive symbol in a slot
· Option 2: repeating non-slot PUSCH with certain periodicity
· 1 and 2 symbol non-slot scheduling shall be repeated with 2 symbol periodicity 
· Time-domain resource allocation should be in [2N-1th symbol, 2Nth symbol] when N=1, 2, …, 7
· From 3 to 7 symbol non-slot scheduling shall be repeated with 7 symbol periodicity 
· Time-domain resource allocation should be in [1st symbol, 7th symbol] or [8th symbol, 14th symbol]
Proposal 5: For non-slot repetition across slots, the same time-domain resource allocation is assumed for the first transmission occasion in each slot. 
Proposal 6: For re-TX and activation of UL transmission with configured grant, the number of repetitions can be indicated by a L1 signalling



R1-1808570	On Configured Grant enhancements for NR URLLC	Nokia, Nokia Shanghai Bell
	Proposal 1: If additional ACK feedback is necessary, one of following options can be considered:
· Option 1: UE-specific DCI based on UL grant with unusable state of DCI field
· E.g., All 0’s with RA type 0, All 1’s with RA type 1 or no UL-SCH with no CSI request
· Option 2: Group-common DCI having multiple HARQ-ACK entry 
· Each HARQ-ACK entry can be mapped to a PUSCH resource
· FFS: how to map entries to PUSCH resource
Proposal 2: To ensure K times repetition, multiple configurations of configured grant can be supported. 
Proposal 3: For URLLC PUSCH transmission, non-slot PUSCH repetition within a slot should be supported.
Proposal 4: For supporting non-slot repetition, the following options can be considered: 
· Option 1: repeating non-slot PUSCH over consecutive symbol in a slot
· Option 2: repeating non-slot PUSCH with certain periodicity
· 1 and 2 symbol non-slot scheduling shall be repeated with 2 symbol periodicity 
· Time-domain resource allocation should be in [2N-1th symbol, 2Nth symbol] when N=1, 2, …, 7
· From 3 to 7 symbol non-slot scheduling shall be repeated with 7 symbol periodicity 
· Time-domain resource allocation should be in [1st symbol, 7th symbol] or [8th symbol, 14th symbol]
Proposal 5: For non-slot repetition across slots, the same time-domain resource allocation is assumed for the first transmission occasion in each slot. 
Proposal 6: For re-TX and activation of UL transmission with configured grant, the number of repetitions can be indicated by a L1 signalling



R1-1808621	Discussion on enhanced UL grant-free transmissions	Panasonic Corporation
	Proposal 1: If grant-free for URLLC (or higher priority grant-free) can be identified in L1, in case of overlapping between a grant-free URLLC UL transmission and a scheduled eMBB UL transmission, UE transmits URLLC transmission over grant-free resources and cancel the UL transmission over dynamic scheduled UL resource. 

Proposal 2: If grant-free for URLLC (or higher priority grant-free) can be identified in L1, in case of overlapping between a grant-free URLLC UL transmission and PUCCH repetition for eMBB, prioritize grant-free URLLC UL should be considered.



R1-1808707	Enhancements to configured grant PUSCH	Intel Corporation
	Proposal 1
· Support multiple activated CG-PUSCH configurations in a cell
· Further consider the following aspects to support multiple activated CG-PUSCH configurations
· Activation/deactivation in case of CG-PUSCH type 2
· HARQ ID modelling enhancements
· UE behaviour for configuration selection
Proposal 2
· If PUSCH repetitions within a slot are configured, the repetition resources are allocated consecutive to the initial PUSCH transmission and have the same duration
Proposal 3
· When PUSCH repetitions do not fit to a slot, PUSCH repetitions are postponed to the next slot with semi-statically configured UL symbols
· UE is not expected to be configured with a combination of aggregation factor and symbol allocation leading to postponement of repetitions to the next period of UL transmission with configured grant
Proposal 4
· In case intra-slot frequency hopping is configured together with PUSCH repetitions within a slot,
· If the number of PUSCH repetitions N within a slot is more than one, the first hop contains floor(N/2) PUSCH repetitions and the second hop contains ceil(N/2) PUSCH repetitions
· If the number of PUSCH repetitions N within a slot is equal to one, currently specified hopping boundary determination rule is applied
Proposal 5
· Study further a hybrid scheme between Type 1 and Type 2 where the RRC-activated process may be released by deactivation DCI monitored by CS-RNTI




R1-1808789	Potential enhancement for UL grant-free transmission	Samsung
	Proposal #1: Evaluate reliability for target TBSs and as a function of SINR and analyse the latency based on the required transmission duration and grant-free configurations. 
Proposal #2: Further study methods to ensure K repetition without additional waiting time, including:
· Allow repetitions across the boundary of periodicity and the method to differentiate HARQ processes;
· Support more than one grant-free configuration within one BWP.   
Proposal #3: Study HARQ-ACK mechanisms to ensure K repetitions with single and multiple HARQ processes. 



R1-1808809	Consideration on enhanced UL grant-free transmissions	Spreadtrum Communications

	Proposal 1: For grant-free based repetitions within one slot, the number of PDCCH monitoring occasions should be limited to a small number, i.e., 1-2.
Proposal 2: New values of repK should be considered for repetitions within one slot.
Proposal 3: Configuring number of repetitions should be considered, which can achieve latency and reliability requirement of URLLC for grant-free only, grant-based only, grant-free combined with grant-based transmission.   



R1-1808910	Grant free transmission enhancement	Guangdong OPPO Mobile Telecom
	Proposal 1: Explicit HARQ-ACK can improve transmission reliability due to it can recognize miss-detection of PUSCH. 
Proposal 2: Physical channel design for explicit HARQ-ACK should be considered. Group-common DCI and Sequence based channel can be studied to support explicit HARQ-ACK feedback.
Proposal 3:Mini-slot repetition can reduce latency.
Proposal 4: Mini-slot hopping enhancement can reduce collision.
Proposal 5: Restriction on piggybacked UCI type and bit number in grant free is necessary for URLLC.



R1-1809101	Views on enhanced UL grant-free transmissions for URLLC 	InterDigital, Inc.
	Proposal 1: Mechanism for the explicit indication of the HARQ-ACK feedback for configured UL grant should be supported for URLLC in Rel-16.
Proposal 2: NR should adopt a mechanism to ensure K repetitions can be completed by the URLLC UE for UL transmission without grant in Rel-16 by allowing the repetitions across multiple periods.
Proposal 3: Mini-slot repetitions within a slot with frequency hopping should be supported in Rel-16 NR for both DL and UL.



R1-1809114	Reliability enhancements for UL configured grant	Sharp
	Proposal 1: RAN1 should study the enhancement of slot-based repetition so that the number of configured repetitions of PUSCH is guaranteed.



R1-1809165	Enhanced UL transmission with configured grant for URLLC	NTT DOCOMO, INC.
	Proposal 1: 
· Study multiple configured grant configurations on a serving cell. 
· The initial transmission of a TB shall start at the first transmission occasion of the K transmissions. 
· The initial transmission of a TB for different configured grant configurations is on different TTIs.
· Different HARQ process IDs are used for different configured grant configurations.
· The UE shall not transmit PUSCH simultaneously using different configured grant configurations on a serving cell.
Proposal 2:
· Study mini-slot repetitions as the promising candidates for URLLC enhancements and capture the benefits and advantages of them in the TR.
· PUSCH repetitions shorter than one repetition per slot (e.g., repetitions within a slot).
· PUSCH repetitions with multiple-TRPs.
· Enabling different QCLs/precoders/beams across repetitions.
Proposal 3:
· Study further detailed options of PUSCH repetition.
· Frequency-hopping
· E.g., the number of repetitions in the first hop is floor(N/2), the number of repetitions in the 2nd hop is ceiling (N/2) where N is the number of repetitions within a slot
· Time-domain allocation taking into account slot boundary
· the resources for repetition are in consecutive available UL or flexible symbols within one slot; if one repetition is about to cross the slot boundary, it is postponed to the earliest available symbol for PUSCH transmission in the next slot
Observation 1:
· Unless strong benefit is identified, explicit positive HARQ-ACK feedback from gNB to UE is not supported.
· UL grant scrambled by C-RNTI or new-RNTI scheduling the new TB transmission of the same HARQ process can indicate “ACK” 
· UL grant scrambled by CS-RNTI scheduling the same TB initially transmitted without grant can indicate “NACK”
· Above UL grant scheduling the new transmission or retransmission can be used during and after the K repetition
· If strong benefit is identified, explicit positive HARQ-ACK feedback from gNB to UE is realized by a PDCCH.



R1-1809294	Discussion on Configured Grant Enhancements	III
	Observation 1: Repetitions for configured grant PUSCH in Rel-15 NR is not suitable for use cases requiring low latency.
Observation 2: Retransmission for configured grant PUSCH in Rel-15 NR is not suitable for use cases requiring low latency.
Proposal 1: Repetitions within a slot for configured grant PUSCH is supported.
Proposal 2: Explicit HARQ-ACK for configured grant PUSCH is supported.
Proposal 3: Remaining repetitions of a configured grant PUSCH is dropped if UE receives ACK in the HARQ-ACK.
Proposal 4: Group common DCI is used for HARQ-ACK transmission for configured grant PUSCH.
Proposal 5: UE retransmits in the resource for configured grant PUSCH if it receives NACK.
Proposal 6: A method should be used to inform the gNB of the actual HARQ process ID so that UE can transmit in the transmission occasions associated with HARQ process that is not available.



R1-1809319	Enhancements for grant free transmissions	Sequans Communications
	Proposal 1: it is proposed to enhance the grant free transmission and following options can be considered: 
Option #1, to remove the configuration of period and meanwhile, include HARQ ID in UCI for HARQ identification;
Option #2, to duplicate the TB in L1 when the remaining occasions in the current period are not enough for the expected reliability. 




R1-1809459	Enhanced SPS and grant-free transmissions	Qualcomm Incorporated
	Observation 1: Allowing SR associated with grant-free data transmission may be a promising scheme to reduce uplink collision, and hence reducing the mis-detection at the gNB. 
Observation 2: An explicit Ack for PUSCH with configured grant may require large downlink overhead.  
Observation 3:  As supported in NR Rel-15, the reliability of grant-free uplink transmission may be ensured by grant-based retransmissions.
Observation 4: For I-IoT use cases with large number of users per gNB, DCI enhancements even for SPS/CS (re)activation can become important.

Proposal 1: Consider time-hopping based resource allocation to improve the latency-reliability tradeoff for configured grant uplink operation.
Proposal 2: Study mechanisms to reduce collision probability for PUSCH with configured grant. 
Proposal 3: For some URLLC use cases, the UE can be expected to transmit an ACK once the SPS activation/de-activation DCI is detected. 
Proposal 4: NR DL-SPS should at least support the same SPS periodicities as for the UL SPS (configured grants) for URLLC.
Proposal 5: Consider enhancements such as compressing the DCI carrying SPS activation/reactivation based on leveraging unique characteristics of factory automation traffic.
Proposal 6: Consider sending SPS reactivations to a group of users for efficient SPS operation. 
Proposal 7: For some URLLC use cases, allow for semi-persistent SRS configuration to be indicated via a DL DCI.




R1-1809464	Discussion on enhanced UL grant-free transmissions	KDDI Corporation
	Observation 1: The misconception in a UE becomes a major problem when URLLC traffic requires both high reliability and low latency.
Proposal 1: Explicit HARQ-ACK feedback should be studied for enhancements on UL grant-free transmissions.
Proposal 2: Mechanism to ensure K repetitions as much as possible should be studied for enhancements on UL grant-free transmissions.
Proposal 3: Mechanism for multiple grant-free configurations to be active should be studied for enhancements on UL grant-free transmissions.
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