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[bookmark: _Ref521334010]Introduction
A few enhancements targeting URLLC operation have been agreed for configured UL grant operation, including
· Multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency 
· FFS details
· Note: it is understood that the above may be related to RAN2-led work on intra-UE multiplexing
· One PUSCH transmission instance is not allowed to cross the slot boundary for UL configured grant
· In Rel-16, for both Type 1 and Type 2 configured grant and when multiple active configurations are configured in a BWP, transmission of a TB based on the configured grant is associated with a single active configuration, even if the transmission is repeated
A major open issue remains on whether it is necessary to support explicit HARQ-ACK for a configured UL grant conveying URLLC data. Several results were presented at the RAN1 AH-1901 meeting where the following observations were made [1],
Observations:
· PUSCH miss detection performance highly depends on the PUSCH configurations such as DMRS configuration, resource allocation, and false-alarm target setting.
· If a configured grant PUSCH resource is not shared by multiple UEs, 
· 7 companies observed that if the reliability requirement is to be met by a single transmission, all the results show that PUSCH miss detection probability is lower than the PUSCH target BLER under the respective evaluation assumptions (e.g., MCS levels, etc.).
· [bookmark: OLE_LINK2][bookmark: OLE_LINK3]If the overall PUSCH BLER target requirement is to be met by uplink grant based HARQ re-transmission for the configured grant PUSCH, the BLER of the configured grant PUSCH transmission can be higher than the overall PUSCH BLER target such that the residual BLER after the re-transmission achieves the overall PUSCH BLER target; even in this case, miss detection probability for configured grant PUSCH should not be higher than the overall PUSCH BLER target. 

This contribution provides additional performance evaluations for PUSCH miss-detection to conclude on the necessity of explicit HARQ-ACK for URLLC configured UL grants. Secondly, we discuss further details of configured UL grant configurations including a comparison of single or multiple active configured grant configurations for supporting a latency constrained service.

Discussion
Necessity of explicit HARQ-ACK
In this section we provide an update to the miss detection results shown in our previous contribution [4]. Figure 1 shows the BLER performance and miss detection performance for a single user transmission, 1% target false alarm rate and one DMRS symbol. Other simulation assumptions are described in the appendix. 
The length of the DMRS sequence – determined by the number of PRBs – influences the miss detection performance, while total number of data REs and hence the MCS determines the BLER performance. With proper selection of the two parameters, the gap between miss detection performance and BLER performance could be enough to resolve miss detection issue. Here, a TBS of 32 bytes (256 bits) and a mini-slot with 7 symbols are assumed for URLLC traffic. Then given an MCS index, the required number of PRBs can be computed for the target TBS. Many candidate sets, (MCS index, PRB number), could be calculated. Here, (6, 16) was selected. Other sets, including (lower MCS index, larger PRB number) or (higher MCS index, smaller PRB number), could also be selected. For all these candidate sets, the gaps between miss detection rate curve and BLER curve will not change greatly.
It can be observed in Figure 1 that miss detection rate is always much lower than BLER. The gap between BLER performance and miss detection performance is more than 3 dB at BLER = 10-5. That means the miss detection would not be a specific issue for configured grant.
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[bookmark: _Ref534936840][bookmark: _GoBack]Figure 1 Comparison of PUSCH missed detection and BLER performance for 1% FAR

Observation: the PUSCH miss detection rate is much lower than the BLER by more than 3 dB at BLER = 10-5.

Proposal 1: explicit UL HARQ-ACK is not needed for URLLC configured UL grant operation.

It should be noted that mini-slot based repetitions can also avoid the problem of a missed PUSCH detection since the probability that a gNB misses all K repetitions is negligible.  

Comparison of single and multiple active CG configurations 
It was agreed that to support multiple active CG configurations at least for different services/traffic types and /or for enhancing reliability and reducing latency. Therefore, the agreement allows a UE to be configured with multiple CG configurations for reducing latency. Here we consider the pros and cons of supporting a single or multiple active CG configurations for latency reduction. Some design goals to guide the analysis are as follows:
· Minimize alignment delay for random packet arrivals.
· The aggregate configured grant (CG) transmission duration (across all repetitions) should be sufficient for desired reliability.
· Unambiguous determination of a PUSCH from a CG if a UE is configured with multiple active CGs.
· Unambiguous determination of HARQ process IDs.

For random arrivals, the alignment latency is minimized by providing multiple starting occasions within a time period. This can be enabled by configuring a UE with multiple active CG configurations such that a randomly arriving packet that misses the starting position of a CG occasion does not have to wait until the next CG period. Secondly, since it was agreed that a PUSCH does not cross a slot boundary it would be necessary to transmit at least two PUSCH repetitions. Figure 2 shows two possible realizations of mini-slot level PUSCH repetitions where Figure 2(a) is the so-called multi-segment scheme and Figure 2(b) is the regular mini-slot structure with a nominal PUSCH duration and signaled number of repetitions K. An extensive discussion of both schemes is provided in [2] and would not be repeated as the objective here is on latency reduction.  


[bookmark: _Ref534999618]Figure 2 Use of multiple active CG configurations for minimizing alignment latency (a) Multi-segment scheme (b) Option 2: Mini-slot repetition scheme

Providing multiple active CGs to minimize alignment latency can be wasteful in terms of DL signalling overhead. It comes as at the cost of large RRC signalling overhead particularly for Type 1 CGs. For Type 2 it would also require N activation DCIs to (re)activate N CGs based on Rel-15 specification. Therefore a more efficient signalling solution is desirable such as how to activate/deactivate one or more CG configurations with a single DCI.
Observation: providing multiple active CG configurations to minimize alignment latency of a URLLC service incurs a large signalling overhead for configuration and activation/deactivation of CG configurations.

A different approach is to configure a single CG configuration with different starting offsets as shown in Figure 3 for the multi-segment repetition scheme and a configured CG period P = 14 symbols.


[bookmark: _Ref534964878]Figure 3 A sliding window based approach to different starting offsets for a single CG configuration
It can be seen that the repetitions may cross the boundary of a CG period. This is one of the perceived drawbacks of a single CG configuration as there could be ambiguity between the gNB and UE on HARQ process determination since the HARQ process is determined as a function of the first transmission occasion within a CG period. This drawback can be avoided if the gNB reliably detects the initial PUSCH transmission in a multi-segment bundle. In the example shown in Figure 3 if the gNB detects the starting position as Offset #2, the gNB determines the HARQ process ID based on slot n rather than based on slot n+1. 
Observation: a single CG configuration with different starting offsets can support low latency URLLC service with no ambiguity in HARQ determination if the gNB can reliably detect a PUSCH transmission. 

Other methods can be considered to ensure reliable HARQ ID determination. For example, the initial PUSCH transmission and repetitions within a bundle can be differentiated by different DMRS as proposed in [4]. In NR-U it was agreed to support CG-UCI containing HARQ ID, RV and NDI. The motivation in NR-U is because of the uncertainty of UL transmission since the UE needs to acquire a channel opportunity before transmitting, while for URLLC the uncertainty comes from random packet arrivals. Thus for URLLC a similar solution may be considered such as the UE provides the HARQ ID as UCI multiplexed on PUSCH.
Proposal 2: support a single active UL CG configuration with different configured starting offsets.
 
Conclusions
In this contribution, we discussed potential enhancements to configured grant operation for Rel-16 URLLC. The observation and proposals are summarized as follows:
· Observation: the PUSCH miss detection rate is much lower than the BLER by more than 3 dB at BLER = 10-5.
· Observation: providing multiple active CG configurations to minimize alignment latency of a URLLC service incurs a large signalling overhead for configuration and activation/deactivation of CG configurations.
· Observation: a single CG configuration with different starting offsets can support low latency URLLC service with no ambiguity in HARQ determination if the gNB can reliably detect a PUSCH transmission. 
· Proposal 1: explicit UL HARQ-ACK is not needed for URLLC configured UL grant operation.
· Proposal 2: support a single active UL CG configuration with different configured starting offsets.

References
[1]. [bookmark: _Ref528926566][bookmark: _Ref534934467][bookmark: _Ref978743][bookmark: _Ref509915661][bookmark: _Ref506196618][bookmark: _Ref503528421][bookmark: _Ref503294753][bookmark: _Ref492653725][bookmark: _Ref498702536][bookmark: _Ref520883466]Chairman’s Meeting Notes, RAN1 AH-1901
[2]. [bookmark: _Ref534934593]R1-1902004, “On PUSCH enhancements for URLLC”, CATT, RAN1 #96
[3]. [bookmark: _Ref534965435]R1-1812226, “Enhanced UL configured grant transmissions”, Huawei, RAN1 #95
[4]. [bookmark: _Ref987475]R1-1900336, “On enhancements to configured UL grant operation”, CATT, RAN1 AH-1901

Appendix

Table 1 Simulation assumptions for PUSCH missed detection
	Parameter
	Values

	Carrier frequency
	4 GHz 

	Numerology
	30 KHz, normal CP

	Channel
	TDL-C, DS = 300ns

	Waveform
	CP-OFDM

	System bandwidth
	20MHz

	Allocated bandwidth
	16 PRBs

	PUSCH duration 
	7 symbols

	Number of Ues 
	1

	DMRS configuration type
	1

	Antenna configuration
	1Tx, 4 Rx

	UE speed
	3km/h

	DMRS position
	1st OS

	Target false alarm rate
	1%

	TBS
	256bits payload + 16bits CRC

	MCS
	MCS index 6
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