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1. Introduction
In the RAN1 #94 meeting, following agreements were made for URLLC enhanced UL grant-free transmissions [1]:
	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
Agreements:
· Study further whether/how on ensuring K repetitions.
· Study further on PUSCH repetitions within a slot for configured grant.



In this contribution, we present our views on multiple grant-free configurations for a BWP of a serving cell, mechanisms to ensure K repetitions without compromising the latency, mini-slot repetitions and the necessity to support the explicit HARQ-ACK feedback. 
2. Multiple configurations supported for a given BWP of a serving cell
In the last meeting, it was agreed to study further whether/how to support multiple active configured grant configurations for a BWP of a serving cell. From our point of view, it is beneficial and should be studied for following two use cases. 
Use-case 1: To meet various requirements of different URLLC services for a UE simultaneously. 
One example is voice service + sporadic packet traffic service (see Fig. 1). Another example is low-latency eMBB uplink + highly reliable guaranteed uplink. Covering these cases by single configured grant configuration is inefficient since it needs to be configured to be able to satisfy both use-case requirements. Since different traffic types have different traffic arrival periodicities/profiles, packet sizes, reliability and latency requirements, etc., it is necessary to enable multiple configured grant configurations with different parameter settings. 
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Fig. 1	Multiple configured grant configurations for various services with different requirements.
Depending on traffic profile and service type, whether DCI-based activation/deactivation is useful or not could be different. Therefore, for use-case 1, it is also beneficial to support both active Type 1 and active Type 2 configured grant configurations simultaneously for a given BWP of a serving cell. 
In case of multiple active Type 2 configured grant configurations, individual activation/deactivation signaling for different configured grant configurations is more reasonable. When multiple configured grant configurations are active in a given BWP of a serving cell, the UE should be able to select appropriate configured grant configurations according to the traffic/service. This is a kind of intra-UE prioritization and hence should wait for RAN2’s guidance.
For use-case 1 with multiple configured grant configurations, in order to distinguish which configured grant configuration is selected by a UE, different parameters should be configured among multiple configured grant configurations. For example, starting positions can be differently configured across multiple configured grants, so that the gNB can distinguish which configured grant configurations the UE selected based on the PUSCH reception timing. Similarly, different DMRS configurations, MCS/TBS, resource allocation, etc., can let gNB to distinguish the selected configured grant configurations.

Use-case 2: To reduce the latency and ensure K repetitions by shifting the start time of the first transmission occasions for multiple configurations.
The second use case is, for a given traffic type, K repetitions are to be ensured while first transmission occasions can be more frequent. As shown in figure 2, the starting position for the first transmission among K repetitions can be shifted among multiple configured grant configurations. The tradeoff between the latency and number of configurations can be achieved by adjusting the offsets of the configurations. 
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Fig. 2.	Multiple grant-free (GF) configurations in time-shifting manner
For this use-case 2, various parameters, e.g., frequency-domain resource allocation, MCS/TBS, MIMO/DMRS configurations, etc, can be common among configured grant configurations, since these multiple configurations serve for the same particular traffic service. In addition, unlike use-case 1, simultaneous configuration/activation of Type1 and Type2 configured grant configurations may not be important. Assuming that multiple configurations belong to the same configured grant Type, and parameters e.g., frequency-domain resource allocation, MCS/TBS, MIMO/DMRS configuration, etc, are common across multiple configured grant configurations, signaling overhead reduction for both higher layer and physical layer can be studied.
In case of multiple active Type 2 configured grant configurations, common activation/deactivation signaling for multiple configured grant configurations can be sufficient.
For multiple configured grant configurations, in order to distinguish which configured grant configuration is selected to transmit a PUSCH, the timing of the initial transmission occasion of different configured grant configurations can be differentiated.
Based on above, both use cases should be supported. Depending on the traffic running at the UE side, network can decide which case to operate. 
Proposal 1: 
· Make a common understanding as following:
· It is beneficial to support multiple active configured grant configurations for a given BWP of a serving cell for different service/traffic types supported simultaneously at the UE side (use-case 1). 
· E.g., low-latency traffic + high-reliability traffic, voice traffic + sporadic emergency message traffic, etc.
· It is beneficial to support multiple active grant-free configurations for a given BWP of a serving cell to reduce the latency and ensure the reliability for traffic with a given characters and requirements (use-case 2).
Proposal 2: 
· For use-case 1 (multiple configurations for multiple different service/traffic types), study further detailed mechanisms with the following:
· Both Type 1 and Type 2 configured grant configurations can be configured simultaneously for a given BWP of a serving cell.  
· Independent parameter configurations and/or independent activation/deactivation for multiple configurations. 
· The initial transmission of a TB for different grant-free configurations is not necessarily on different TTIs.
· Different HARQ process IDs are used for different grant-free configurations. 
· For use-case 2 (multiple configurations for a service/traffic type with a given characters/requirements), study further detailed mechanisms with the following:
· It is not necessary to configure both Type 1 and Type 2 grant-free configurations simultaneously for a given BWP of a serving cell.  
· Signalling overhead reduction can be studied for both higher layer and physical layer since many parameters are common among multiple configured grant configurations in this case. 
· The initial transmission of a TB for different grant-free configurations is on different TTIs.
· Different HARQ process IDs are used for different grant-free configurations.

3. Mechanisms to ensure K repetitions 
In Rel.15, in order to ensure K repetitions, RV sequence of {0, 2, 3, 1} needs to be configured. However, 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. However, the repetition is terminated when the end of the period P comes. For achieving both flexible transmission starting positions and ensuring K repetitions, enhancements are necessary. Generally, there are three options.
Option 1: support flexible staring time for the first transmission and repetitions cross the boundary of period P.
Option 2: support multiple configurations for a given BWP of a serving cell.
Option 3: switch from grant-free to grant-based transmissions.
Option 1 was already discussed in Rel.15. The main concern of this option is it largely increases the number of hypothesis on the start and end of a data transmission for gNB, the probability of false alarm detection is also increased which impacts the reliability. Since the K repetitions are floating, gNB cannot manage/schedule the resource efficiently. In addition, the HARQ process number identification also needs to be addressed. Large specification efforts can be expected. 
Option 2 was already adopted in LTE HRLLC WI. Compared to option 1, option 2 is simpler and has small specification efforts. The drawback is large signaling overhead may be needed to support multiple configurations while the enhancements on the overhead reduction can be studied as discussed in section 2. Note that the option 2 here is the use-case 2 in Section 2.
Option 3 relies on the re-transmission by UL grant. Regarding switching from grant-free to grant-based transmission, on one hand, for operating BLER around 10^(-5) - 10^(-6), just repetition would be much simpler than HARQ re-transmission because no need to consider DCI miss-detection/false-alarm probability. On the other hand, for tight latency, just repetition will be faster compared to using UL grant to re-schedule. 
Based on above analysis, we propose following:
Proposal 3: 
· Detailed mechanisms of ensuring K repetitions to be further studied from the following:
· Option 2: support multiple configurations for a given BWP of a serving cell.
· Note: multiple configurations to ensure K repetitions is the use-case 2 (multiple configurations for a service/traffic type with a given characters/requirements). 
· Option 3: switch from grant-free to grant-based transmissions.

4. Mini-slot repetitions 
In Rel.15 URLLC, two solutions to realize lower coding rate are specified: (1) new MCS table for lower coding rate and (2) PDSCH/PUSCH repetitions across slots (also called as slot-aggregation). For the same transport block size, as long as the code rate is sufficiently low, lower MCS and repetition offers similar performance gain. However, according to Rel.15 mechanism, PDSCH/PUSCH repetition across slots is not well suited for URLLC use-cases; since the repetition is performed such that same start/length for each slot is repeated across slots (see Fig. 3 (a)), by increasing repetition factor, the latency increases. 
In Rel.16 eURLLC, the PDSCH/PUSCH repetition should be enhanced so that the repetitions are not limited to the same start/length across slots. More specifically, repetitions should be able to be mapped within a shorter time window. For example, more than one repetitions per slot (see Fig. 3 (b)), and/or all repetitions within a slot (see Fig. 3 (c)).
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(a) one repetition per slot
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(b) More than one repetition per slot
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(c) All repetitions within a slot
Fig. 3	PUSCH repetition enhancements.

The benefits of PUSCH repetition enhancement such as Fig. 3 (b) and/or (c) compared to new MCS table for lower coding rate are following:
· Lower processing time for gNB receiver
· The required reliability for URLLC is 10-5 ~ 10-6. Assuming that K = 4 repetitions are performed and error probability of each repetition is Pr = 5%, then 1PrK = 99.9994%, which is the probability of at least one repetition successfully received, implies that K = 4 repetitions can satisfy the requirement. In this situation, the error probability of up to the second repetition can be calculated as 1Pr2 = 99.75%. Although the requirement is not satisfied statistically for up to the second repetition, in many cases, decoding trial using the first and the second repetitions could result in successful decoding with very low error probability. gNB can try decoding before the end of all the K repetitions. Hence, PUSCH repetition is beneficial to reduce processing time. By enabling repetitions within shorter time window (such as Fig.3 (b) and (c)), gNB can start receiver processing from the end of the first repetition across repetitions whenever possible. 
· Precoder/QCL(or SRI)-cycling across repetitions (Fig. 4)
· Different precoders and/or QCL assumptions (or SRI configurations) can be applied across repetitions. This offers macroscopic/microscopic spatial diversity gain and improves the BLER performance [2]. This itself is no matter whether the repetitions are across slots or within a slot. However, if the repetitions can be confined within a shorter time window such as Fig.3 (b) and (c), the benefit/improvement is realized also for URLLC scenario. 
· Figure 5 briefly introduces performance benefit of precoder/QCL (or SRI)-cycling across PUSCH repetitions. Here, the TB of size 256 bits is delivered by either 8-symbol PUSCH or 2 times repeated 4-symbol PUSCH. For 2 times repeated 4-symbol PUSCH, uncorrelated fading channels across repetitions is assumed. As can be seen by the results, repetitions with precoder/QCL (or SRI)-cycling offers extra diversity gain and provides significant gain especially at lower BLER operating point. This shows the effectiveness of the precoder/QCL (or SRI)-cycling across PUSCH repetitions. Details are found in [2].
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Fig. 4	PUSCH repetitions with precoder/QCL (or SRI)-cycling [2].
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Fig. 4	PUSCH BLER performances [2].

Based on above simulation results, we can conclude that PUSCH repetitions within a slot (or shorter repetitions compared to Rel.15 repetitions) is necessary for Rel.16 URLLC. Also, PUSCH repetitions should be enabled over multiple-TRPs which is cover by Rel.16 MIMO WI [3].
Proposal 4:
· 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 precoder/QCL (or SRI)-cycling across repetitions.

For PUSCH repetitions within one slot, frequency hopping for the repetitions should also be further discussed. There are two options: 
Option 1: the hopping is performed over each repetition.
Option 2: 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.
To achieve efficient resource management and frequency hopping gain, option 2 is preferred.
[bookmark: OLE_LINK5]Time-domain resource allocation for mini-slot based repetitions needs to be studied. There are three options.
Option 1: any repetition cannot cross slot boundary and each repetition has same transmission length.
Since one slot consists of 14 symbols, only 1-symbol PUSCH with repetition factor K of 4, 2-symbol PUSCH with K of 7 and 7-symbol PUSCH with K of 2 can be efficiently filled in one slot. For other transmission durations and repetition factors, additional issue needs to be addressed is in case the remaining resource/symbols within one slot is not enough for one repetition.
Option 2: any repetition cannot cross slot boundary and repetitions can have different transmission length.
This option adopts similar concepts in LTE HRLLC that repetition patterns within one slot for certain TTI length can be defined. For example, in case of 4-symbol PUSCH with repetition factor of 4, pattern of {4,3,3,4} within one slot can be defined and DMRS sharing can be studied together. 
Option 3: any repetitions can cross slot boundary and each repetition has same transmission length.
This option is simple while it may cause resource fragmentation and frequent transmission collision will happen.  

Proposal 5:
· 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 resource allocation 
· Option 1: any repetition cannot cross slot boundary and each repetition has same transmission length.
· Option 2: any repetition cannot cross slot boundary and repetitions can have different transmission length.
· Option 3: any repetitions can cross slot boundary and each repetition has same transmission length.
5. Necessity of explicit HARQ-ACK feedback
Current NR spec. does not support explicit HARQ-ACK feedback for grant free transmission. When the uplink traffic is relatively frequent, the UE receives an implicit positive HARQ-ACK feedback for the previous uplink data transmission when it is scheduled with a new uplink data transmission using the same PUSCH HARQ process. When the UE is scheduled with the re-transmission for the same TB, it implies a negative HARQ-ACK feedback for the previous uplink data transmission. 
However, when the uplink traffic is relatively infrequent, the UE may not receive any implicit positive HARQ-ACK feedback for a successfully decoded uplink data, since there is no immediate next new uplink data transmission. Then the UE will wait until the configuredGrantTimer expires; if no re-transmission is scheduled, UE considers the uplink transmission is acknowledged as ACK. 
The benefits of introducing the explicit positive HARQ feedback is to early terminate the repetitions or avoid gNB miss-detect the transmission. However, different from MTC case, URLLC traffic has strict latency requirement. Therefore, it is not possible to allow UE to perform repetitions exceeding the delay budget. Regarding gNB miss-detection, based on the UE feedback, the probability of miss-detection for a given repetition number is controlled to be very low. Therefore, it seems no strong motivation to support the explicit HARQ-ACK feedback. 
If such benefits are essential and it is agreed to support the explicit acknowledgement, the relation with the legacy HARQ feedback i.e., configuredGrantTimer needs to be discussed. In addition, for explicit acknowledgement, it is not preferred to introduce a new physical channel like PHICH channel in LTE, considering the overhead, specification efforts, and backward compatibility. Still the PDCCH can be a good candidate to carry the acknowledgement information. 
Proposal 6:
· 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.

6. Conclusion
In this contribution, we discussed the enhancements to the UL transmission with configured grant for URLLC. Following is the summary: 
Proposal 1: 
· Make a common understanding as following:
· It is beneficial to support multiple active configured grant configurations for a given BWP of a serving cell for different service/traffic types supported simultaneously at the UE side (use-case 1). 
· E.g., low-latency traffic + high-reliability traffic, voice traffic + sporadic emergency message traffic, etc.
· It is beneficial to support multiple active grant-free configurations for a given BWP of a serving cell to reduce the latency and ensure the reliability for traffic with a given characters and requirements (use-case 2).
Proposal 2: 
· For use-case 1 (multiple configurations for multiple different service/traffic types), study further detailed mechanisms with the following:
· Both Type 1 and Type 2 configured grant configurations can be configured simultaneously for a given BWP of a serving cell.  
· Independent parameter configurations and/or independent activation/deactivation for multiple configurations. 
· The initial transmission of a TB for different grant-free configurations is not necessarily on different TTIs.
· Different HARQ process IDs are used for different grant-free configurations. 
· For use-case 2 (multiple configurations for a service/traffic type with a given characters/requirements), study further detailed mechanisms with the following:
· It is not necessary to configure both Type 1 and Type 2 grant-free configurations simultaneously for a given BWP of a serving cell.  
· Signalling overhead reduction can be studied for both higher layer and physical layer since many parameters are common among multiple configured grant configurations in this case. 
· The initial transmission of a TB for different grant-free configurations is on different TTIs.
· Different HARQ process IDs are used for different grant-free configurations.
Proposal 3: 
· Detailed mechanisms of ensuring K repetitions to be further studied from the following:
· Option 2: support multiple configurations for a given BWP of a serving cell.
· Note: multiple configurations to ensure K repetitions is the use-case 2 (multiple configurations for a service/traffic type with a given characters/requirements). 
· Option 3: switch from grant-free to grant-based transmissions.
Proposal 4:
· 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 precoder/QCL (or SRI)-cycling across repetitions.
Proposal 5:
· 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 resource allocation 
· Option 1: any repetition cannot cross slot boundary and each repetition has same transmission length.
· Option 2: any repetition cannot cross slot boundary and repetitions can have different transmission length.
· Option 3: any repetitions can cross slot boundary and each repetition has same transmission length.
Proposal 6:
· 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.
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