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Introduction
In RAN1 #95 meeting, related issues of intra-UE reuse were mentioned in some company documents [1]~[4]. RAN1 also has received an LS [5] from RAN2, in which multiple intra-UE multiplexed scenarios are given, and RAN1 is recommended to study all scenarios in the LS. In this document, we try to discuss issues related to intra-UE multiplexing.
[bookmark: OLE_LINK11]Discussion
In RAN1 #94bis and #95 meeting, whether or not to differentiate eMBB and URLLC in PHY layer is discussed in some contributions. Methods were provided, e.g. using different DCI formats, MCS tables or search spaces for eMBB and URLLC[6][7].
In our opinion, in order to better solve the intra-UE multiplexing problem in the LS, eMBB and URLLC need to be distinguished in the physical layer. Because it enables for more than one HARQ-ACK PUCCH within a slot and facilitates UCI multiplexing for overlapped UL channels. For example, with distinguishing between eMBB and URLLC is introduced, it’s easier for base station to indicate one PUCCH resource that has earlier starting symbol and fewer symbols to reduce the latency of URLLC HARQ-ACK transmission. The HARQ-ACK transmission of different services can be divided into different PUCCHs in the slot. Another example is when a short URLLC PUCCH overlaps with a long eMBB PUCCH, a possible solution is to puncture the eMBB PUCCH in the overlapped symbols. Differentiation of eMBB and URLLC is then needed as a premise. Meanwhile, we believe that adding unnecessary restrictions to certain DCI format is not preferable, such as a certain DCI format is only applicable to URLLC service. Any transmission mechanism should be applicable to both eMBB and URLLC as what we did in NR Rel-15. Therefore, we prefer a more flexible way for differentiation of eMBB and URLLC, e.g. configure different RNTIs for URLLC and eMBB.
Proposal 1: Differentiation between eMBB and URLLC in the physical layer is supported in NR Rel-16, however, it is not preferable that a certain DCI format is used for differentiation.
2.1 Scenario 1: Intra-UE DL Prioritization
In the LS, it is mentioned: "This scenario considers a case where a UE has sequentially received two DL assignments with overlapping radio resources in time. RAN2 assumes that by the later DL assignment has priority over the earlier DL assignment, considering that in principle the gNB will only give an assignment that overlaps with previous assignment for higher priority traffic. Based on such assumption, RAN1 should study solutions for prioritizing later received DL assignments.".
In scenario 1, the simplest processing is that the UE only processes the PDSCH corresponding to the later DL assignment and discards the PDSCH corresponding to the earlier DL assignment. But we think this kind of processing is not optimal.
[bookmark: OLE_LINK2]In some cases, both PDSCHs of the UE may be correctly decoded, especially when the low priority PDSCH and the high priority PDSCH overlap in time domain with few symbols. However, for the semi-static HARQ-ACK codebook in Rel-15, only one HARQ-ACK information is generated for only one of multiple PDSCHs overlapping in the time domain, while other PDSCHs will not be received corresponding HARQ-ACK information and cause retransmission. Therefore, for intra UE DL priority multiplexing, optimization of semi-static HARQ-ACK codebooks should be considered. Here are some possible improvements for semi-static HARQ-ACK codebook, assuming that the earlier DL assignment corresponds to eMBB PDSCH and the later DL assignment corresponds to URLLC PDSCH.
· [bookmark: OLE_LINK3]Alt1: For HARQ-ACKs of overlapping PDSCHs, HARQ-ACK is generated only for URLLC PDSCHs. And HARQ-ACK of eMBB  PDSCHs is dropped. The Alt1 is similar to the existing method, but dropping the HARQ-ACK of the eMBB  PDSCHs is not efficient, which will cause the eMBB PDSCHs to be retransmitted.
· Alt2: For overlapping PDSCHs, HARQ-ACK is generated for each PDSCH. Then, the overhead of HARQ-ACKs can be very large.
· Alt3: Differentiate the PDSCHs of URLLC and eMBB, and to generate semi-static HARQ-ACK codebooks according to the rules of NR Rel-15 for them independently. The grouping rules of eMBB PDSCH and URLLC PDSCH still follow NR Rel-15 respectively. For example, in FIG. 1, the  PDSCH (red) of URLLC generates 4 HARQ-ACKs information, and the PDSCH (green) of eMBB generates 2 HARQ-ACKs information. Their HARQ-ACKs can also be multiplexed in a HARQ-ACK codebook if the different HARQ-ACK PUCCH resource overlap with each other or the same PUCCH resources are indicated for their HARQ-ACKs. For overlapping PDSCHs, the HARQ-ACK overhead of Alt3 is between Alt1 and Alt2. Alt3 does not cause the HARQ-ACK of the eMBB PDSCHs to be dropped.


Figure 1: URLLC and eMBB respectively generate HARQ-ACK information in one slot
In summary, in NR Rel-16, intra-UE DL multiplexing should be supported in order to transmit URLLC in time. An enhancement of semi-static HARQ-ACK codebook should be considered.
Proposal 2: Intra-UE DL multiplexing should be supported in order to transmit URLLC in time. An enhancement of semi-static HARQ-ACK codebook should be considered in NR Rel-16 to avoid dropping of HARQ-ACKs.
2.2 Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant
Regarding scenario 2 in the LS, it is described as: "This scenario considers a case where the UL radio resource associated to a configured grant overlaps with a dynamic grant in time. A joint RAN2/RAN1 study should be initiated to handle such issue. In particular, RAN2 should consider LCP and grant handling priority (i.e. if a configured grant can override a dynamic grant), while RAN1 should study the details of related mechanisms for prioritizing configured grant PUSCH over dynamic grant PUSCH.".
For scenario 2, the intra UE UL resource conflict should be resolved first in the MAC layer. For example, if the data corresponding to the configured grant arrives earlier and there is enough time to process the priority in the MAC layer, then MAC layer outputs the high priority data to the physical layer. If the data corresponding to the configured grant arrives after the MAC layer processing, the conflict can only be handled in the physical layer because the MAC layer has missed the opportunity to resolve the conflict.
Since the transmission corresponding to the configured grant is determined by the UE, the base station does not know the priority of the transmission. Therefore, in the physical layer, it is simple to adopt a pre-defined priority rule e.g., a configured grant can override a dynamic grant. When a collision occurs, it is always assumed that the configured grant transmission has a high priority, and the dynamic granted transmission is dropped. Of course, other efficient solutions should not be excluded.
For the dropping of low priority transmissions, a detailed dropping mechanism should be studied to allow low priority data to be transmitted as much as possible without affecting high priority data transmissions. Detailed dropping rules can be further studied.
Proposal 3: For resource conflict between configured grant and dynamic grant, RAN1 should consider the mechanism of transmitting low-priority data as much as possible without affecting high priority data transmissions.
2.3 Scenario 3: Intra-UE UL Prioritization – Resource Conflict between Dynamic Grants
Regarding scenario 3 in the LS, it is described as: "This scenario considers a case where the UL radio resource associated to a dynamic grant overlaps with another dynamic grant in time. It is RAN2 understanding that traffics with different priorities could be distinguished by for example explicit L1 signaling of priority level per grant, or by other prioritization rule (for example, allowing a later grant to override the previous grant). Both RAN1 and RAN2 should further study this topic ".
For scenario 3, similar to scenario 2, it should also prioritize the processing of priority of the conflicting PUSCHs in the MAC layer. If the MAC layer misses the timing of processing because the high priority data arrives later, the resource conflict is resolved through the physical layer.
In the physical layer, it is desirable to adopt a pre-defined priority rule according to the order of data scheduling/transmission. For example, when a collision occurs, it is always assumed that the later scheduled/transmitted data has a higher priority, and the previously scheduled/transmitted data is dropped. Detailed dropping rules can be further studied to allow low-priority data transferred as much as possible.
In addition, since both the collided data resources are scheduled based on the dynamic grant, it is also considered to allow the base station to notify the UE of the priority of each dynamic grant through L1 signaling. This also means that the physical layer of the base station needs to obtain the priority of the transmission corresponding to each dynamic grant from the MAC layer. This will additionally require a priority indication from the MAC layer.
It is preferable if low priority transmissions are transmitted as much as possible without affecting high priority transmissions. It is recommended that RAN1 should study the detailed dropping rules for transmitting low priority data as many as possible without affecting high-priority transmissions.
Proposal 4: For resource conflict between dynamic grants, RAN1 should consider the mechanism of transmitting low-priority data as much as possible without affecting high priority data transmissions.
2.4 Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel
Regarding scenario 4 in the LS, it is described as: "This scenario considers a case where the resources of uplink control transmission overlaps in time with other uplink control transmission relating to another, higher priority traffic. It is RAN2 understanding that this scenario should be mainly studied by RAN1, but RAN2 should be involved for analyzing the cases relating to uplink control transmission relating to SR. ".
In scenario 4, time domain overlap between different types of UCI is involved. In NR Rel-15, if UCI PUCCHs overlap in the time domain, all UCIs will be multiplexed into one PUCCH (also including dropping rules according to UCI priority). However, in NR Rel-15, eMBB is the main service, so the influence of delay is not considered when formulating UCI multiplexing rules. In NR Rel-16, in order to better support URLLC, there are some problems when reusing the Rel-15 UCI multiplexing rule. For example, when a plurality of overlapping UCI PUCCHs are multiplexed in one PUCCH, since the location/length of this PUCCH may vary with respect to each original UCI PUCCH, it may cause partial UCI PUCCH transmission to be delayed. That is it possibly results in failure of meeting  latency requirement of the corresponding URLLC traffic.
For example, in NR Rel-15, when SR and HARQ-ACK/CSI PUCCH overlap in time domain, the SR is transmitted in the HARQ-ACK/CSI PUCCH. In Figure 2, a positive URLLC SR is generated during the transmission of PUCCH. The SR will be transmitted together with the HARQ-ACK / CSI PUCCH. It can only be detected after the end of the long PUCCH transmission. Thus, the positive URLLC SR is delayed. However, this positive URLLC SR should be transmitted earlier. Enhancements should be considered to enable earlier transmission of positive SR in this case. 
In addition, SRs of different periods can be configured as one UE. However, the UE does not know that the priority of each SR is from the physical layer, so the priority of the SR should also be known if the collision is resolved in the physical layer.
Some possible solutions are to resolve overlapping PUCCHs. The simplest way is to drop the low priority PUCCH, but it will result in data retransmission or other effects, depending on the type of UCI carried in the PUCCH. It is also a way that a high priority PUCCH is transmitted through the punctured low priority PUCCH in overlapping symbols. In this way, it is possible that both overlapping PUCCHs are correctly decoded when there are few overlapping symbols, but the detailed puncturing rules need further study.
A new mechanism for multiplexing overlapping PUCCHs into one PUCCH can also be considered for efficient transmission of overlapping PUCCHs.


Figure 2: URLLC SR overlaps with long PUCCH in time domain
Proposal 5: For resource conflict between control channel and control channel, RAN1 should consider the mechanism of transmitting low-priority PUCCH as much as possible without affecting high priority PUCCH transmissions.
2.5 Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel
Regarding scenario 5 in the LS, it is described as: "This scenario considers a case where the resources of uplink control transmission overlaps in time with uplink data transmission relating to another traffic with either higher or lower priority. It is RAN2 understanding that this scenario should be mainly studied by RAN1, but RAN2 should be involved for analyzing the cases relating to uplink control transmission relating to SR.".
In NR Rel-15, if the PUCCH and the PUSCH overlap in time domain, the UCI (except SR) carried in the PUCCH is transmitted through the PUSCH, and the PUCCH is dropped. However, in NR Rel-16, since URLLC is supported, if UCI is URLLC, PUSCH is eMBB, and the rules of UCI multiplexing in PUSCH in Rel-15 are reused, the final UCI-bearing symbol position may be different from the original UCI PUCCH. In this way, it will probably cause the URLLC UCI to be delayed. 
For another example, if the URLLC PUSCH and the eMBB UCI overlap in time domain, and the eMBB UCI is transmitted through the URLLC PUSCH, it may cause the reliability of the URLLC PUSCH to be lowered. In some previous documents, it is recommended to lower the beta value by less than or equal to 0, thus protecting the URLLC PUSCH.
A further example is URLLC SR and eMBB PUSCH time domain overlap. In Figure 3, a positive URLLC SR is generated during the transmission of PUSCH. In NR Rel-15, the SR will be dropped. However, in this case, this positive URLLC SR should be transmitted in NR Rel-16, so the priority of the SR should also be known if the collision is resolved in the physical layer.
Some possible solutions are to resolve PUCCH and the PUSCH overlap in time domain. The simplest way is to drop the low priority PUCCH/PUSCH. It is also a way that a high priority PUCCH/PUSCH is transmitted through the punctured low priority PUSCH/PUCCH in overlapping symbols. In this way, it is possible that both overlapping PUCCHs are correctly decoded when there are few overlapping symbols, but the detailed puncturing rules need further study. 
Based on the above analysis, we believe that RAN1 should study Resource Conflict between UL Control Channel and UL Data Channel.


Figure 3: URLLC SR overlaps with long PUSCH in time domain
Proposal 6: RAN1 should study the solution for Resource Conflict between UL Control Channel and UL Data Channel.
2.6 Scenario 6: Intra-UE UL Prioritization – CA-based Concurrent Transmission with Power Limitation
Regarding scenario 6 in the LS, it is described as: "In cases wherein mixed traffic with different priorities / reliability requirements are exchanged between the UE and gNB and corresponding data or control transmissions simultaneously occur on different serving cells, prioritization may have to occur due to transmit power limitation.".
In our view, if a power-limited cell edge UE is supporting critical urgent communications such as URLLC, gNB may not configure UL CA for the UE in the first place. In some cases, it can be handled by gNB implementation, i.e., it may not schedule transmission simultaneously in multiple carriers, based on PHR information reported by the UE.  If the UE has enough power headroom, concurrent transmission can be allowed and additional prioritization rule can be considered for ensuring reliability and higher efficiency at the same time in this case.
The current prioritization rule in Rel-15 doesn’t take traffic/service types into account. In the later deployment of NR, URLLC traffic plays a more and more important role. It is reasonable to prioritize URLLC transmission. In URLLC study item, companies are discussing to introduce separate codebook and/or HARQ procedures for URLLC [8]. More and more separate uplink channels and signals are foreseen to be designed for URLLC to guarantee URLLC reliability. In this sense, it makes sense to prioritize URLLC uplink channels and signals for transmission power scaling in case of power limitation [9]. The detailed prioritization rule can be FFS. Moreover, power sharing among multiple carriers with look-ahead operation [9] can be introduced so that power can be dynamically adjusted based on the latest possible scheduling information. With look-ahead, the power of an earlier-arrived UL grant can be adjusted/changed based on another later-arrived UL grant. This is particularly useful for URLLC traffic which happens very dynamically.
Proposal 7: Prioritize URLLC uplink channels and signals for transmission power scaling in case of power limitation.  Power sharing among multiple carriers with look-ahead operation is supported.
2.7 Scenario 7: Intra-UE UL Prioritization – Power Control for Traffics with Different Priorities
Regarding scenario 7 in the LS, it is described as: "The UE may need to dynamically change its power control loop to ensure the transmission related to high priority data.".
The traffic requirements for different traffics, e.g., URLLC and eMBB, differ a lot from each other. It’s difficult to adopt the same power control loop to fit in with different traffics with divergent requirements. Apparently, it would be beneficial if different traffics can associate with separate power control loops. The explicit indications, RNTIs or MCS can be used to differentiate traffic types. E.g. Multiple configured grant resources targeting at traffic types with different priorities can be configured with different power control parameters.
Proposal 8: Support separate power control loops for different traffics with different priorities.
Conclusions
Based on the above analysis, we believe that Ran1 should study the above five intra UE multiplexing scenarios listed from Ran2 LS[5], we have the following proposals:
[bookmark: OLE_LINK1]Proposal 1: Differentiation between eMBB and URLLC in the physical layer is supported in NR Rel-16, however, it is not preferable that a certain DCI format is used for differentiation.
Proposal 2: Intra-UE DL multiplexing should be supported in order to transmit URLLC in time. An enhancement of semi-static HARQ-ACK codebook should be considered in NR Rel-16 to avoid dropping of HARQ-ACKs.
Proposal 3: For resource conflict between configured grant and dynamic grant, RAN1 should consider the mechanism of transmitting low-priority data as much as possible without affecting high priority data transmissions.
Proposal 4: For resource conflict between dynamic grants, RAN1 should consider the mechanism of transmitting low-priority data as much as possible without affecting high priority data transmissions.
Proposal 5: For resource conflict between control channel and control channel, RAN1 should consider the mechanism of transmitting low-priority PUCCH as much as possible without affecting high priority PUCCH transmissions.
Proposal 6: RAN1 should study the solution for Resource Conflict between UL Control Channel and UL Data Channel.
Proposal 7: Prioritize URLLC uplink channels and signals for transmission power scaling in case of power limitation.  Power sharing among multiple carriers with look-ahead operation is supported
Proposal 8: Support separate power control loops for different traffics with different priorities..
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