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PHY Identification of HARQ-ACK codebooks
	Agreement in RAN1 #96bis

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, for both Type I (if supported) and Type II HARQ-ACK codebooks (if supported), and for dynamically-scheduled PDSCH, down-select from below for the PHY identification for identifying a HARQ-ACK codebook:
· Opt.1: By DCI format
· Opt.2: By RNTI
· Opt.3: By explicit indication in DCI (FFS: new field or reuse existing field)
· Opt.4: By CORESET/search space 
· FFS additional option(s) for Type I HARQ-ACK codebook
FFS: For SPS PDSCH (including SPS release PDCCH)



In April RAN1 meeting, four options are provided for the PHY Identification of both Type I and Type II HARQ-ACK codebooks, as shown in the above agreement.
For the purpose of down-selection, we have following considerations:
· Opt.1 is not preferable, since obvious standardization effort may be required. 
· If Opt.1 is adopted, it somehow implies that DCI format can be used to distinguish URLLC/eMBB service and a new DCI format (e.g. 0_2, 1_2) is mandated.
· Opt.2 is preferable. 
· Opt.2 is somehow in line with the mechanism in Rel-15 where MCS-C-RNTI was introduced to indicate which MCS table should be utilized, i.e. the normal MCS table and the table designed for URLLC. If adopted, the relation between the RNTI for HARQ-ACK codebook separation and MCS-C-RNTI can be further discussed. 
· Opt.3 is preferable. 
· Opt.3 is the most flexible way to distinguish different HARQ-ACK codebook among all options. For example, if priority indication field is introduced in DCI, it can be reused for identifying HARQ-ACK codebook.
· Opt.4 is not preferable. 
· Opt.4 may lead to either the total number of CORESETs may increase or the granularity of CORESET functional divisions may be too small due that too many functionalities may rely on CORESET division. 
· It was previously agreed that CORESETs can be used for distinguishing the HARQ-ACK codebooks from different TRPs. Also, the total number of CORESETs in a BWP needs to be increased accordingly (4, 5 or 6). If Opt.4 is adopted, for the case of URLLC transmission over multiple TRPs, the total number of CORESET in a BWP needs to be further increased, which is not preferable from the perspective of complexity.

Proposal #1: In terms of PHY identification of HARQ-ACK codebooks, support option 2 (RNTI) or option 3 (Explicit indication in DCI).

Handling collisions of intra-UE UL data/control and control/control

[image: ]
[bookmark: _Ref16518678]Figure 1 Possible work flow of handling collisions of intra-UE UL data/control and control/control

A possibly general work flow for handling collisions of intra-UE UL data/control and control/control is given in Figure 1. There are four aspects which may need to be standardized. The first two aspects relate to prioritization and the last two aspects relate to multiplexing.
· How prioritize the conflicting signals/CHs,
· Including how to conclude that for a certain combination of conflicting signals/CHs it should be RAN1 or RAN2 to do the prioritization;
· How to standardize the processing time check for terminating the lower priority signal, including:
· Terminate a signal processing while the corresponding transmission does not start yet,
· Terminate an on-going transmission;
· How to multiplex conflicting signals/CHs together when this multiplexing is legal;
· How to standardize the processing time check for multiplexing the conflicting signals/CHs.
In Figure 1, it can be seen that the importance of multiplexing and prioritization is not equal. The the prioritization/dropping/termination is more important from the point of view of support of handling collisions between intra-UE UL data/control and control/control. This is because multiplexing conflicting signals/CHs together requires some processing time. When the multiplexing processing time is not enough, the multiplexing operation turns infeasible accordingly. This means that even if multiplexing is supported in standard it does not always work. When multiplexing operation is determined to be infeasible, the UE still needs to handle this signals/CHs collision by using prioritization/dropping/termination. Hence, the operations of prioritization/dropping/termination is the ‘must-have’ for handling collisions of intra-UE UL data/control and control/control.
Observation #1: 
· Without multiplexing conflicting signals/CHs, support of handling collisions of intra-UE UL data/control and control/control is still possible.
· Without prioritization/dropping/termination, handling collisions of intra-UE UL data/control and control/control cannot be solved via standard manners.
Hence, based on the above observation and an additional consideration that the available TUs for this discussion are not very sufficient, we have the following proposal:
Proposal #2:
· Prioritize the discussions on prioritization/dropping/termination of conflicting data/control and control/control and the corresponding processing timing check for dropping/terminating data/control.
· Deprioritize the discussions on multiplexing conflicting data/control and control/control and the corresponding processing check for multiplexing data/control and control.

‘The priority’ of conflicting uplink physical signals/channels in Rel-16
In LTE and NR Rel-15, when uplink signals/CHs collide, the prioritization mainly depend on the contents of the signals/CHs. For example, in NR Rel-15, it was agreed that PUSCH is prioritized if any collision between PUSCH and SR occurs.
Note that no priority related to service/traffic is taken into account in collision handle between two or more uplink signals/CHs before Rel-16. In the example given in previous paragraph, even though the SR belongs to a configuration with a periodicity smaller than a slot and the PUSCH is scheduled by using a slot-based manner, which might mean the SR is triggered by a higher layer logical channel with high priority and the PUSCH carries eMBB data, the SR has to give up to PUSCH. This is what happens in Rel-15.
Observation #2: Before Rel-16, the collision handle between uplink signals/channels mainly depends on the contents of these conflicting signals/channels.
· No priority related to service/traffic is taken into account in the collision handle between two or more uplink signals/CHs.
In discussions on collision handling between intra-UE data/control and data/control in Rel-16 URLLC/IIoT WIDs, it seems a common sense to tie the priority to the service/traffic type which the uplink signals/channels are relevant to. For example, ‘eMBB’ and ‘URLLC’ are frequently mentioned for the priority differentiation, i.e. the lower priority and the higher priority, in PHY/MAC layers.
However, it should be pointed out that the ‘priority’ we are talking about in this topic actually has not been defined yet. So far, no explicit ‘priority’ is officially defined for physical signals/CHs. Moreover, another factor quite clear is ‘eMBB’ and ‘URLLC’ are not good enough as an official definition of service/traffic-related priority. For one thing, it is difficult to precisely describe what is ‘eMBB’ and what is ‘URLLC’. For another thing, PHY layer is supposed to be not able to see the details of service/traffic of data on PHY CHs. More precise definition for service/traffic-related priority of uplink signals/CHs is necessary rather than ‘eMBB’ and ‘URLLC’.
Observation #3: 
· In Rel-16, the priority for handling collisions of uplink signals/channels should be related to the service/traffic which the colliding signals/channels are relevant to.
· The service/traffic-related ‘priority’ of uplink physical signals/channels has not been officially defined yet.
· A more precise definition for service/traffic-related priority of uplink signals/CHs is preferred rather than ‘eMBB’ and ‘URLLC’.
Based on the above observations, we have the following proposal:
Proposal #3: In Rel-16, the prioritization of physical uplink signals/channels should be not only related to their contents but also related to the priority of the relevant service/traffic.
· The discussion for defining the service/traffic-related priority in physical layer should be prioritized in RAN1.
In higher layer, the priority which RRC layer assigns to logical channels has 16 levels. When an uplink grant arrives, either configured grant or dynamic grant, the decision is done based on the priorities of logical channels in MAC layer that which logical channels would be involved in the MAC PDU over the uplink grant
To align the service/traffic-related priority of physical signals/CHs with the priority of higher layer logical channels, the maximum number of the service/traffic-related priority of physical signals/CHs could be 16. The minimum number of the service/traffic-related priority of physical signals/CHs is 2.
Observation #4: In order to be in line with the number of priority levels of higher layer logical channels, the service/traffic-related priority level of physical signals/channels could be a minimum of 2 and a maximum of 16.
Proposal #4: More than two priority levels should be supported in Rel-16,
· At least the forward compatibility to support more than two priority levels in later-on releases should be considered and supported in Rel-16.
Besides, we have the following suggestions for how define the service/traffic-related priority of physical signals/channels:
Proposal #5: Regarding to the service/traffic-related priority of physical signals/channels in PHY layer, the following signals/channels prioritization methods should be taken into account:
· The priority level of CG/DG PUSCH and SR is directly given by MAC layer, or, determined by PHY layer according to the priorities of relevant logical channels;
· The priority level of ACK/NACK signal/PUCCH is as same as the priority level of the corresponding PDSCH, or, determined according to the priorities of logical channels relevant to this PDSCH;
· The priority level/index of CSI is assumed to be lower than any URLLC signal/channel in Rel-16 to respect the existing agreement.
· RAN1 has already agreed that no high-priority CSI is supported in Rel-16 in SI phase.

Prioritization for dropping or termination
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[bookmark: _Ref16760967]Figure 2 Prioritization for dropping or termination in handling collision between intra-UE control/control and control/data
The purpose of prioritization for dropping or termination is to select the signal/CH with the highest priority among the conflicting signals/CHs. Later on, the signal/CH with highest priority would be transmitted it, if the processing time is enough to do so, as shown in the right side of Figure 1.
To simplify the prioritization for dropping or termination, we propose to adopt the following two-step procedure, as shown in Figure 2. An example involving conflicting signals/CHs is given,
· Step-1: Compare the service/traffic-related priorities of these two conflicting signals/CHs.
· If their service/traffic-related priorities are different, the one with higher service/traffic-related priority is to be transmitted, the other one is dropped or terminated. The prioritization ends.
· If their service/traffic-related priorities are same, go to step-2.
· Step-2: Prioritize these two conflicting signals based on their contents, e.g. PUSCH>SR>HARQ-ACK>CSI.
· For different service/traffic-related priority levels, the prioritization sequence of could be different. Further discussion for URLLC may be needed.
Proposal #6: For the purpose of signals/channels prioritization, the simple dropping/termination rules are expected as follows:
· The signal/channel of lower service/traffic-related priority is expected to be dropped.
· If two conflicting signals are of the same the service/traffic-related priority, the prioritization depends on the contents of conflicting signals/channels.
· Priority sequence for URLLC-related physical signals/channels with same service/traffic-related priority needs further study and discussion.
Due that it has been agreed in previous RAN1 meeting that CSI with high priority will not be supported in Rel-16, the priority of CSI could be excluded from the consideration on prioritization of conflicting URLLC-related signals/CHs. The priority of CSI should lower than that of any URLLC-related signal/channel. How to handle the possible collisions between CSI and eMBB-related signal/channel should follow Rel-15 rules.
Proposal #7: The priority of CSI should be excluded in the prioritization of conflicting URLLC-related signals/channels.
· The priority of CSI should be lower than that of any URLLC-related signal/channel.
· How to handle the possible collisions between CSI and eMBB-related signals/channels should follow Rel-15 rules.

In the comparison between conflicting URLLC-related signals/CHs, the preferred sequence is PUSCH > SR > ACK/NACK, or, ACK/NACK has the lowest priority while the prioritization between PUSCH and SR is done in MAC layer. 
· Among URLLC PUSCH, URLLC SR and URLLC HARQ-ACK, the HARQ ACK has the lowest priority.
HARQ-ACK should has the lower priority than PUSCH and SR when they are all related to URLLC and have the same service/traffic priority. This is because that dropping or terminating HARQ-ACK of URLLC will not impact on the performance of both the reliability and the latency of downlink URLLC traffic. The HARQ-ACK corresponds to PDSCH(s). 
· If the HARQ-ACK is ‘ACK’ and is dropped, the transmission latency of the data on PDSCH will not be extended. Whenever the PDSCH(s) is successfully decode, the decoded PDU is delivered from UE PHY layer to UE MAC layer for the next step processing. 
· If the HARQ-ACK is ‘NACK’ and is dropped, the gNB would schedule the retransmission of the PDSCH(s) when the gNB fails to receive the expected HARQ-ACK message in the reserved position.
Hence, dropping/terminating HARQ-ACK message of URLLC traffic leads to neither the decrease of reliability nor the extension of latency. The cost may be somehow unnecessary retransmission is sent due to the missing of ‘ACK’ signal.
Proposal #8: In the case that the conflicting URLLC physical signals/channels are of the same service/traffic-related priority, the priority of HARQ-ACK is lower than that of either PUSCH or SR.
· Prioritization between URLLC PUSCH and URLLC SR
Before the discussion on the prioritization between URLLC SR and URLLC PUSCH, the following two factors need to be considered first:
· MAC layer is capable of deciding to deliver only one of URLLC SR and PUSCH or both of them to PHY layer for the purpose of reducing the unnecessarily collisions in PHY layer. 
· For one thing, MAC layer is able see both PDU for PUSCH and SR. They are generated in MAC layer. For another thing, MAC can hold a signal in hand and does not deliver it to PHY. In Rel-15, if the PUCCH transmission occasion of an SR overlaps with resource of a PUSCH, MAC layer would not instruct this SR to physical layer.
· Whether Rel-16 will finally support the multiplexing between URLLC PUSCH and URLLC SR seems not uncertain.
· The left TUs is very tight from the point of view of support of all functions on the table now.
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Figure 3 Timing relation between deliveries of URLLC SR and MAC PDU for PUSCH, from MAC layer to PHY layer.
Taking the above two factors into account, we have the following considerations on the prioritization between URLLC SR and URLLC PUSCH. Figure 3 is a diagram of the possible timing relation between the deliveries of SR and PDU (PUSCH) from MAC layer to PHY layer.
· If MUX between SR and PUSCH is supported in Rel-16,
· If SR is earlier than PDU or they arrive at PHY layer at almost same time, it would be always possible to multiplex them together due that the processing time required by SR is less than that required by PUSCH;
· If SR is later than PDU, SR could be treated as high priority due that MAC layer delivers it to PHY layer with an awareness of the resource collision between the SR and PUSCH.
· If MUX between SR and PUSCH is NOT supported in Rel-16,
· If SR is earlier than PDU, this means MAC layer more prefers the PUSCH transmission rather than SR.
· It should be treated as an error case that both MAC PDU and SR are delivered to PHY layer when MAC layer knows only one of them is able to be sent out.
· It SR is later than PUSCH, this means MAC layer more prefers the PUSCH transmission rather than SR.
Hence, considering that MAC layer is capable of deciding to deliver only one of URLLC SR and URLLC PUSCH or both of them to PHY layer, the prioritization between URLLC SR and URLLC PUSCH in PHY layer could depend on the instruction from MAC layer.
Observation #5: MAC layer is capable of handling the prioritization between URLLC SR and URLLC PUSCH on its own for minimizing the collisions between URLLC SR and URLLC PUSCH and preventing potential PHY layer ambiguity on the prioritization of URLLC SR and URLLC PUSCH.
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[bookmark: _Ref16790623]Figure 4 SR could have more chances to be transmitted than that of PUSCH.
On the other hand, if fixed prioritization relation between URLLC PUSCH and SR is more preferred, our view is the priority of PUSCH should be higher than SR. The reasons is SR has more chances to be transmitted compared with PUSCH. On one hand, when URLLC traffic arrives at the higher layer buffer, both SR and BSR will be triggered if there is no grant able to satisfy the requirement of URLLC traffic. The message to inform the gNB that some URLLC traffic needs resource at UE side could be delivered by transmitting either SR or BSR. On the other hand, the gap between two available SR resources could be obviously smaller than the gap between two configured grants available for a PDU when the periodicity of SR and CG resources is assumed to be as same as each other, as shown in Figure 4. This is because that the CG resources are divided into different HARQ processes and one PDU cannot be carried by more than HARQ process whenever this PDU is generated in MAC layer.
Observation #6: Comparing with URLLC PUSCH, URLLC SR has more chances to be informed or transmitted to the gNB.
Proposal #9: The prioritization between URLLC PUSCH and URLLC SR could be handled via either of the following ways:
· MAC layer makes the decision and informs PHY layer of the decision, e.g. with an common understanding between these two layers that the latter signal has higher priority;
· The priority of URLLC PUSCH is always higher than that of URLLC SR.

Multiplexing data/control and control/control

· URLLC signal/information over eMBB channels
For cases that URLLC signal/information is carried by eMBB channels, the key factor may be how to guarantee the latency of URLLC will not be extended as the consequence of this multiplexing operation.
Unless the latency of the transmission of URLLC signal/information can be assured, it is preferred to drop/terminate the transmission of eMBB PUSCH and PUCCH and send the URLLC signals/channels.
Observation #7: For cases that eMBB signal/information is carried by URLLC channels, such as eMBB UCI on URLLC PUSCH and PUCCH, the key issue is whether the reliability of URLLC can be guaranteed after being multiplexed with eMBB signal/information.

· eMBB and URLLC signal/information over URLLC channels
For the following cases, the key factor may be how to guarantee the reliability of URLLC will not be obviously reduced as the consequence of this multiplexing operation,
· Case #1: eMBB signal/information is carried by URLLC channels, such as URLLC PUSCH and PUCCH;
· Case #2: URLLC UCI is carried by URLLC PUSCH, such as URLLC ACK/NACK and URLLC SR.
Observation #8: For cases that eMBB signal/information is carried by URLLC PUCCH or PUSCH and the cases that URLLC UCI is carried by URLLC PUSCH, the key issue is whether the reliability of URLLC can be guaranteed after being multiplexed with additional signal/information.

In our previous contribution [1], the simulation results show that with the small payload size of eMBB/URLLC UCI and properly assigned beta-offset, BLER of 10^{-5} can be achieved for URLLC transmission even if the one-shot transmission manner is adopted. 
If the TUs available for this discussion are enough, we think the discussions on how to piggyback the eMBB/URLLC UCI with small payload size over URLLC PUSCH should be encouraged. This is kind of balancing operation for achieving better cost-performance ratio for the whole network. Because the requirement of URLLC is very high and somehow the transmission of URLLC is sensitive to the realistic channel status, to support this kind of balancing adjustment between URLLC PUSCH and eMBB UCI, some mechanisms/functions for dynamic indications/flexible configurations may be required, for example:
· gNB can dynamically indicate the UE to drop UCI via scheduling DCI, e.g. by setting beta_offset = 0.0;
· For PUSCHs with different priorities, the configurations on beta-offset are separated;
· Leave more freedom to UEs, for example, UEs can decide whether to piggyback lower priority UCI on URLLC PUSCH according to the real-time assessment on the reliability of the URLLC PUSCH. 
· For example, gNB could configure a UE the maximum ratio of UCI REs to all available REs of PUSCH resource. Before the decision, the UE can check whether the realistic ratio is higher than the configured threshold or not. If it is not, the lower priority UCI could be piggybacked on URLLC PUSCH. Otherwise, the lower priority UCI would be dropped and the URLLC PUSCH would be transmitted alone.

Proposal #10: If the TUs for this discussion are sufficient, it should be encouraged to discuss how to piggyback the eMBB/URLLC UCI with small payload size over URLLC PUSCH in order to achieve better trade-off between the resource consumption and reliability.
Proposal #11: If both multiplexing and dropping/terminating are adopted for collision handling between intra-UE control/control and control/data, dynamic switching between these two options should be supported, e.g. via the beta_offset field in DCI.

Conclusions
Regarding to how differentiate HARQ-ACK codebooks, we have the following proposal:
Proposal #1: In terms of PHY identification of HARQ-ACK codebooks, support option 2 (RNTI) or option 3 (Explicit indication in DCI).

Regarding to handling collisions of intra-UE UL data/control and control/control, we have following observations:
Observation #1: 
· Without multiplexing conflicting signals/CHs, support of handling collisions of intra-UE UL data/control and control/control is still possible.
· Without prioritization/dropping/termination, handling collisions of intra-UE UL data/control and control/control cannot be solved via standard manners.
Observation #2: Before Rel-16, the collision handle between uplink signals/channels mainly depends on the contents of these conflicting signals/channels.
· No priority related to service/traffic is taken into account in the collision handle between two or more uplink signals/CHs.
Observation #3: 
· In Rel-16, the priority for handling collisions of uplink signals/channels should be related to the service/traffic which the colliding signals/channels are relevant to.
· The service/traffic-related ‘priority’ of uplink physical signals/channels has not been officially defined yet.
· A more precise definition for service/traffic-related priority of uplink signals/CHs is preferred rather than ‘eMBB’ and ‘URLLC’.
Observation #4: In order to be in line with the number of priority levels of higher layer logical channels, the service/traffic-related priority level of physical signals/channels could be a minimum of 2 and a maximum of 16.
Observation #5: MAC layer is capable of handling the prioritization between URLLC SR and URLLC PUSCH on its own for minimizing the collisions between URLLC SR and URLLC PUSCH and preventing potential PHY layer ambiguity on the prioritization of URLLC SR and URLLC PUSCH.
Observation #6: Comparing with URLLC PUSCH, URLLC SR has more chances to be informed or transmitted to the gNB.
Observation #7: For cases that eMBB signal/information is carried by URLLC channels, such as eMBB UCI on URLLC PUSCH and PUCCH, the key issue is whether the reliability of URLLC can be guaranteed after being multiplexed with eMBB signal/information.
Observation #8: For cases that eMBB signal/information is carried by URLLC PUCCH or PUSCH and the cases that URLLC UCI is carried by URLLC PUSCH, the key issue is whether the reliability of URLLC can be guaranteed after being multiplexed with additional signal/information.

Regarding to ‘the priority’ of conflicting uplink physical signals/channels in Rel-16, we have following proposals:
Proposal #2:
· Prioritize the discussions on prioritization/dropping/termination of conflicting data/control and control/control and the corresponding processing timing check for dropping/terminating data/control.
· Deprioritize the discussions on multiplexing conflicting data/control and control/control and the corresponding processing check for multiplexing data/control and control.
Proposal #3: In Rel-16, the prioritization of physical uplink signals/channels should be not only related to their contents but also related to the priority of the relevant service/traffic.
· The discussion for defining the service/traffic-related priority in physical layer should be prioritized in RAN1.
Proposal #4: More than two priority levels should be supported in Rel-16,
· At least the forward compatibility to support more than two priority levels in later-on releases should be considered and supported in Rel-16.
Proposal #5: Regarding to the service/traffic-related priority of physical signals/channels in PHY layer, the following signals/channels prioritization methods should be taken into account:
· The priority level of CG/DG PUSCH and SR is directly given by MAC layer, or, determined by PHY layer according to the priorities of relevant logical channels;
· The priority level of ACK/NACK signal/PUCCH is as same as the priority level of the corresponding PDSCH, or, determined according to the priorities of logical channels relevant to this PDSCH;
· The priority level/index of CSI is assumed to be lower than any URLLC signal/channel in Rel-16 to respect the existing agreement.
· RAN1 has already agreed that no high-priority CSI is supported in Rel-16 in SI phase.

Regarding to the prioritization for dropping or termination, we have following proposals:
Proposal #6: For the purpose of signals/channels prioritization, the simple dropping/termination rules are expected as follows:
· The signal/channel of lower service/traffic-related priority is expected to be dropped.
· If two conflicting signals are of the same the service/traffic-related priority, the prioritization depends on the contents of conflicting signals/channels.
· Priority sequence for URLLC-related physical signals/channels with same service/traffic-related priority needs further study and discussion.
Proposal #7: The priority of CSI should be excluded in the prioritization of conflicting URLLC-related signals/channels.
· The priority of CSI should be lower than that of any URLLC-related signal/channel.
· How to handle the possible collisions between CSI and eMBB-related signals/channels should follow Rel-15 rules.
Proposal #8: In the case that the conflicting URLLC physical signals/channels are of the same service/traffic-related priority, the priority of HARQ-ACK is lower than that of either PUSCH or SR.
Proposal #9: The prioritization between URLLC PUSCH and URLLC SR could be handled via either of the following ways:
· MAC layer makes the decision and informs PHY layer of the decision, e.g. with an common understanding between these two layers that the latter signal has higher priority;
· The priority of URLLC PUSCH is always higher than that of URLLC SR.

Regarding to the multiplexing data/control and control/control, we have following proposals:
Proposal #10: If the TUs for this discussion are sufficient, it should be encouraged to discuss how to piggyback the eMBB/URLLC UCI with small payload size over URLLC PUSCH in order to achieve better trade-off between the resource consumption and reliability.
[bookmark: _GoBack]Proposal #11: If both multiplexing and dropping/terminating are adopted for collision handling between intra-UE control/control and control/data, dynamic switching between these two options should be supported, e.g. via the beta_offset field in DCI.
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