[bookmark: _GoBack]3GPP TSG RAN WG1 #96		R1-1902521
Athens, Greece, 25th February – 1st March, 2019

Source:	Panasonic
Title: 	On NR URLLC UL inter UE Tx prioritization/multiplexing
Agenda Item:   7.2.6.2
Document for:	Discussion
Introduction
In RAN1-AH-1901, agreements in inter UE Tx prioritization/multiplexing were related to the observations from different companies and the text to be captures in the TR [1]. From the technical solutions point of view, there have been no agreements in RAN1-AH-1901 for this agenda item.
In this contribution, we discuss enhancements related to inter-UE Tx prioritization/multiplexing for grant-based UL, inter-UE Tx prioritization/multiplexing between a grant-based UL transmission and another grant-free UL transmission and UL power control enhancements.
Inter-UE Tx prioritization/multiplexing for grant-based UL
UL cancellation techniques
For inter-UE multiplexing in grant-based UL, cancellation of the already scheduled eMBB UL is considered as one possible enhancements to allow the scheduling of URLLC UL to achieve the desired latency constraint. In [1], following agreement related to the text proposal for cancellation mechanism in the TR is captured:
Agreements:
Capture the following in TR 38.824 section 7.2.1“UE UL cancelation mechanisms”
UE UL cancelation mechanism is considered as one potential enhancement for UL inter-UE Tx prioritization/multiplexing. Either PDCCH or sequence can be considered as potential options for the UL cancelation indication. If PDCCH is used, either group common DCI or UE-specific DCI can be considered as potential options. If sequence is used, either group common sequence or UE-specific sequence can be considered. The monitoring periodicity for the UL cancelation indication should be configurable by the gNB and UE supporting UL cancelation indication should be able to support more than one monitoring occasions for the UL cancelation indication in a slot. If PDCCH is used, whether the UE PDCCH monitoring capability (number of CCEs/BDs per slot) should be increased is to be further investigated. The UE processing time for UL cancelation indication should be equal or shorter than N2 defined in Rel-15 UE capability#2. Upon detecting an UL cancelation indication, UE cancels the corresponding UL transmission. The corresponding UL transmission may include an on-going UL transmission, or an UL transmission that has not been started. After cancelation, the UE may resume the transmission afterwards as one option, or may not resume the transmission afterwards as another option.
Aim to downselect the option(s) in RAN1#96 as indicated in the above text (including no additional enhancements related to the above options due to this SI)
Based on the above agreement, two high level solutions related to cancellation are considered:
· Upon cancellation, the UE resume the transmission
· Upon cancellation, the UE may not resume the transmission
In our understanding, option of cancel and resume should be further clarified. Resuming the transmission can have two possibilities. One possibility is that it resumes the remaining of the transmission after the pre-emption and lost the transmission in between. The other possibility is that it resumes by shifting the remainder of the transmission and doesn’t lose any symbols.
Observation 1: Clarification related to the cancellation mechanism of cancel and resume should be clarified if only the remaining transmission is continued or the entire transmission from the beginning of cancellation is shifted and transmitted 
If cancel and resume as above two possibilities, then overall there are three cancellation mechanism. The first possibility is to cancel the on-going eMBB UL transmission to provide the resources for URLLC UL transmission and do not continue the on-going transmission after the URLLC UL transmission is over as shown in Figure 1. The second possibility is to continue with the remaining eMBB UL transmission after the URLL UL transmission is over as shown in Figure 2. In this possibility, the eMBB UL transmission is not received by gNB only on the pre-empted resources, the rest of the transmission is exactly the same. The third possibility is to pause and resume the eMBB UL transmission after the URLLC UL transmission is over as shown in Figure 3. In this possibility, the eMBB transmission is basically shifted in time after the URLLC UL transmission. Each of the option has its merits and demerits that are listed in Table 1.
Table 1: Comparison of cancellation mechanisms
	Options
	Merits
	Demerits

	Cancel & Stop
	Simple solution as no additional details might be needed related to continuation after the URLLC
	Might be resource inefficient as the remaining resources after the URLLC UL transmission is over

	Cancel & Continue
	Resource efficient and not shifted in time, so doesn’t affect subsequent resource allocations
	Only partial transmission of eMBB UL since and possible channel estimation issue if there DMRS symbols cancelled or phase continuity issue after the gap

	Pause & Resume
	Resource efficient and optimal for eMBB UL transmission as the eMBB is completely transmitted
	Channel estimation issue if the resumed transmission has no DMRS in proximity and possible continuation in next slot might lead to phase discontinuity. It can collide with next slot's transmission.





Figure 1.	Example of eMBB UL cancellation and stop



Figure 2.	Example of eMBB UL cancellation and continue



Figure 3.	Example of eMBB UL pause and resume
Observation 2: Cancel and stop technique provides a simple solution and might be useful to to support where inefficient usage of resource is not a problem such that very few or no symbols remaining in a slot after the URLLC UL transmission. 
Observation 3: Cancel and continue technique provides a resource efficient solution as the remaining resources within a slot can be used for eMBB UL transmission, but degradation of channel estimation in the continued eMBB UL transmission might be an issue
Observation 4: Pause and resume provides an optimal solution from the point of view eMBB UL transmission as complete traffic is transmitted, but it could have both the issues of degraded channel estimation and possibly phase discontinuity.
Although, based on the agreement in RAN1-AH-1901, down-selection should be aimed in RAN1#96, but based on the above observations, we propose to support both the cancel & stop as well as cancel & resume technique due to respective benefits. As cancel and continue requires more implementation effort, it should be rather UE feature/capability.
Proposal 1: In NR URLLC grant-based UL in Rel. 16, the specification support both cancel & stop and cancel & continue techniques for eMBB UL cancellation/pre-emption. The UE feature/capability should distinguish them.
UE monitoring periodicity
The UE monitoring periodicity for UL pre-emption indication is important to allow sufficient time for UE timeline for cancellation of the eMBB UL transmission. We discuss three possibilities for the UE monitoring periodicity. First, possibility is to have non-slot monitoring of pre-emption indication. In terms of URLLC UE latency, having very frequent possibility of sending pre-emption indication is the most optimal solution because it allows the eMBB resources to be pre-empted at earliest and thus allowing faster grant of resources for URLLC UL UE transmission. However, this requires for the eMBB UEs to constantly monitor pre-emption indication in every non-slot before and during when UE is transmitting PUSCH. Therefore, the other possibility is to increase the monitoring periodicity to either every alternate non-slot or half-slot. The overall latency increases as the periodicity is increasing for UL pre-emption indication. The UE monitoring periodicity can also depend up on how frequent is the URLLC UL traffic. In case of infrequent URLLC UL traffic, infrequent periodicity should be sufficient to satisfy the required criteria for URLLC UL transmission. On the other hand, for very frequent URLLC UL traffic, it might be better to have frequent UE monitoring periodicity. Based on this, we propose following:
Proposal 2: In NR URLLC grant-based UL in Rel. 16, configurable UE monitoring periodicity for pre-emption indication before and during PUSCH transmission should be used, which can depend on the URLLC traffic burst. The possible configurable periodicities depends on the number of blind decoding and CCE demodulation for PDCCH for URLLC. 
Signalling of UL pre-emption indication
Two possibilities are considered for signalling the UL pre-emption indication: UE-specific signalling or group-common signalling. Similar discussion was done for the DL pre-emption indication and it was agreed to use group-common signalling. The group-common signalling can be configured as UE-specific. For similar reasons as in DL, group-common signalling for UL pre-emption indication could be used. The DCI size for pre-emption indication can be same as the DCI format 0_0/0_1 size for URLLC. Therefore, how often the pre-emption indication is received and how often the DCI for the scheduling is received for URLLC are same.
Proposal 3: In NR URLLC grant-based UL in Rel. 16, group-common signalling for UL pre-emption indication should be supported, where the DCI size for carrying pre-emption indication can be same as the DCI format 0_0/0_1 size for URLLC. 
Further signalling enhancement could be considered related to the cancellation mechanism. As discussed above, we think that both the cancellation mechanisms should be supported. Therefore, it should be configurable to select one of the two mechanisms depending up on the scenario and use cases. This could be either dynamically signalled or indicated by higher layer. In case of dynamically signalling, it should be part of the pre-emption indication signalling.
Proposal 4: In NR URLLC grant-based UL in Rel. 16, if it is agreed to support both the cancellation mechanisms, then to dynamically configure either one of the option as part of the pre-emption indication could be considered.
Inter-UE Tx prioritization/multiplexing between a grant-based UL transmission and another grant-free UL transmission
For inter-UE multiplexing between a grant-based UL transmission and another grant-free UL transmission, since gNB cannot know the presence of grant-free UL transmission, signalling such as UL pre-emption indication to grant-based UL transmission cannot be used. On the other hand, signalling to grant-free UL transmission may be possible.
Observation 5: For inter-UE multiplexing between grant-based UL transmission and grant-free UL transmission, the indication is not for grant-based UL transmission, but for grant-free UL transmission.
Before discussing the detailed mechanisms for the multiplexing between a grant-based UL transmission from a UE and grant-free UE transmission from another UE, what is the assumption, such as whether eMBB / URLLC, traffic type, or priority identification is necessary or not, would need to be clear. If gNB knows grant-based UL transmission is eMBB or URLLC by RNTI or other indication and grant-free UL transmission is eMBB or URLLC by different configuration or resource, which UL transmission is prioritized is known by the gNB. Then, eMBB / URLLC handling could be up to gNB operation as far as eMBB or URLLC are known. Priority order can be grant-based URLLC > grant-free URLLC > grant-based eMBB > grant-free eMBB. In such assumption, grant-free eMBB resource could be overrides by grant-based URLLC. Therefore, UL cancellation indication is necessary to cancel grant-free eMBB transmission. 
On the other hand, if the assumption is that grant-free UL transmission contains UCI which indicates eMBB / URLLC identification, it makes the design different, for example, to always protect grant-free UL transmission would be one possibility. Another possibility would be to support the indication for grant-free UL transmission, which dynamically change/update the grant-free resource/configuration. If multiple active configurations for a given BWP of a serving cell are configured, to indicate available grant-free resource for UE would be one of realizations.
Observation 6: Depending on the assumption on whether/how to identify eMBB or URLLC for grant-free UL transmission, the design of inter-UE multiplexing between a grant-based UL transmission and another grant-free UL transmission becomes different.
Observation 7: If eMBB or URLLC grant-free UL transmission is differentiated by different configuration or resource, UL cancellation indication is necessary to cancel grant-free eMBB transmission.
Observation 8: If eMBB or URLLC grant-free UL transmission is differentiated by UCI, to always protect grant-free UL transmission or UL indication for dynamically change/update the grant-free resource/configuration is necessary.
UL power control enhancements
In this section, we discuss the enhanced dynamic power boost for URLLC UE, especially how to signal the dynamic change of power control parameters (i.e., P0, alpha) without SRI configuration. In addition, we discuss uplink power control in the LTE-NR Dual connectivity.
Grant-based PUSCH without SRI field 


For grant-based PUSCH without SRI field (e.g., DCI format 0_0), a fixed open-loop parameter set (i.e., and) is used regardless of eMBB or URLLC. Therefore, gNB cannot dynamically indicate suitable open-loop parameter according to traffic type (i.e., eMBB or URLLC).
In Rel.15, new MCS table (MCS index table 3 for PDSCH or MCS index table 2 for PUSCH) was introduced for URLLC. In Rel.16, introduction of new DCI format scheduling NR URLLC has been discussed. The new DCI size may be different from Rel-15 fallback DCI or the new DCI may be scrambled by new RNTI.
For indicating the open-loop parameters according to traffic type, new RNTI, new MCS table or DCI size should be used as the identification of URLLC. For example, if UL grant is scrambled by new RNTI, the UE determines the value of PC parameter set for URLLC. Otherwise, the UE determines the values of PC parameter set for eMBB.
Proposal 5: In case of grant-based PUSCH without SRI field, new RNTI, new MCS table or DCI size is used to differentiate open-loop parameter sets.


Grant-free PUSCH 
Although the difference of UL-TWG-Type1 or UL-TWG-Type2 are used for eMBB or URLLC is one approach, UL-TWG-Type1 and UL-TWG-Type2 cannot be configured for the same cell at the same time. Therefore, if multiple configuration of the same grant-free type for eMBB and URLLC are set to a UE, gNB cannot dynamically indicate suitable open-loop parameter according to traffic.
One less spec impact approach is specific grant-free resource is tied to specific open-loop parameter according to traffic type. In case multiple UL-TWG-Type2 are configured for eMBB and URLLC, one approach is that to introduce new CS-RNTI and use it for URLLC identification. The other approach is that the flag to indicate whether configured resource is URLLC or eMBB is added to DCI.
Proposal 6: In case of grant-free PUSCH, certain L1 identification mechanism is needed to implicitly signal URLLC UL power boosting.
Proposal 7: Linking grant-free resource with specific open-loop parameter or introducing new CS-RNTI for URLLC or URLLC identification by the flag is added to current DCI format should be considered.
LTE-NR Dual connectivity 
In LTE-NR dual connectivity, LTE is always higher priority and NR is lower priority. When URLLC is operated in NR but still LTE is prioritized and possible power shortage of NR is unreasonable operation. To allow more power to NR via reserving certain power in NR or some more interaction between LTE and NR components should be considered. 
Proposal 8: For LTE-NR dual connectivity, the priority rule between NR URLLC and LTE should be revisited.
Conclusion
Here we summarize the observations and proposals that have been presented in the sections above:
Observation 1: Clarification related to the cancellation mechanism of cancel and resume should be clarified if only the remaining transmission is continued or the entire transmission from the beginning of cancellation is shifted and transmitted 
Observation 2: Cancel and stop technique provides a simple solution and might be useful to to support where inefficient usage of resource is not a problem such that very few or no symbols remaining in a slot after the URLLC UL transmission. 
Observation 3: Cancel and continue technique provides a resource efficient solution as the remaining resources within a slot can be used for eMBB UL transmission, but degradation of channel estimation in the continued eMBB UL transmission might be an issue
Observation 4: Pause and resume provides an optimal solution from the point of view eMBB UL transmission as complete traffic is transmitted, but it could have both the issues of degraded channel estimation and possibly phase discontinuity.
Observation 5: For inter-UE multiplexing between grant-based UL transmission and grant-free UL transmission, the indication is not for grant-based UL transmission, but for grant-free UL transmission.
Observation 6: Depending on the assumption on whether/how to identify eMBB or URLLC for grant-free UL transmission, the design of inter-UE multiplexing between a grant-based UL transmission and another grant-free UL transmission becomes different.
Observation 7: If eMBB or URLLC grant-free UL transmission is differentiated by different configuration or resource, UL cancellation indication is necessary to cancel grant-free eMBB transmission.
Observation 8: If eMBB or URLLC grant-free UL transmission is differentiated by UCI, to always protect grant-free UL transmission or UL indication for dynamically change/update the grant-free resource/configuration is necessary.


Proposal 1: In NR URLLC grant-based UL in Rel. 16, the specification support both cancel & stop and cancel & continue techniques for eMBB UL cancellation/pre-emption. The UE feature/capability should distinguish them.
Proposal 2: In NR URLLC grant-based UL in Rel. 16, configurable UE monitoring periodicity for pre-emption indication before and during PUSCH transmission should be used, which can depend on the URLLC traffic burst. The possible configurable periodicities depends on the number of blind decoding and CCE demodulation for PDCCH for URLLC. 
Proposal 3: In NR URLLC grant-based UL in Rel. 16, group-common signalling for UL pre-emption indication should be supported, where the DCI size for carrying pre-emption indication can be same as the DCI format 0_0/0_1 size for URLLC. 
Proposal 4: In NR URLLC grant-based UL in Rel. 16, if it is agreed to support both the cancellation mechanisms, then to dynamically configure either one of the option as part of the pre-emption indication could be considered.
Proposal 5: In case of grant-based PUSCH without SRI field, new RNTI, new MCS table or DCI size is used to differentiate open-loop parameter sets.
Proposal 6: In case of grant-free PUSCH, certain L1 identification mechanism is needed to implicitly signal URLLC UL power boosting.
Proposal 7: Linking grant-free resource with specific open-loop parameter or introducing new CS-RNTI for URLLC or URLLC identification by the flag is added to current DCI format should be considered.
Proposal 8: For LTE-NR dual connectivity, the priority rule between NR URLLC and LTE should be revisited.
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