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Introduction
[bookmark: _Ref129681832]In the recent RAN2 email discussion, the scenarios for enhancements on intra-UE multiplexing have been identified. What we discuss in this paper is Scenario1~7 in the final LS [1] and Summary from RAN1 [2].
The contribution mainly provides our views on the RAN1 impacts from DL/UL intra-UE multiplexing and URLLC & eMBB differentiation.
Intra-UE DL Prioritization
In Rel-15 NR, out-of-order HARQ scheduling is also restricted for PDSCH and HARQ-A/N feedback. This may enforce a large feedback delay for the URLLC transmission. Therefore, to ensure meeting the URLLC latency requirement, while avoiding the introduction of additional UE processing capabilities and additional UE implementation complexity, the eMBB PDSCH and eMBB HARQ- A/N feedback can be dropped.
Even with the scheduling restriction in Rel-15, when two continuous PDSCHs are scheduled to the same UE, there are some scheduling scenarios that the UE may not be able to handle. Considering that URLLC traffic requires higher reliability and lower latency than eMBB traffic, the UE should always firstly decode the URLLC traffic when parallel DL reception processing of URLLC and eMBB traffic occurs.
More details about the DL intra-UE multiplexing can be found in our companion contribution [3]. Observations and proposals are copied as follows:
[bookmark: _Ref968563]Proposal 1: For supporting the out-of-order PDSCH-to-HARQ and PDCCH-to-PDSCH between two HARQ processes on the active BWP of a given serving cell, based on URLLC & eMBB identification in physical layer, UE should drop the eMBB PDSCH or HARQ-ACK for eMBB.
Observation 1: When reception processing of URLLC and eMBB data occurs simultaneously at the UE side, the processing conflict cannot be solved by delaying the URLLC data.
[bookmark: _Ref968745]Proposal 2: For Rel-16, URLLC traffic shall have higher priority than other traffic in the event of parallel reception processing.
In Rel-16, if URLLC/eMBB identification is introduced in the physical layer, then some DL PI enhancements can be considered. More details about the DL PI enhancement can be found in our companion contribution [3]. Proposal is copied as follows:
[bookmark: _Ref968756]Proposal 3: For Rel-16, if URLLC/eMBB identification is introduced in physical layer, then some DL PI enhancements can be considered.
Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grants UL intra-UE multiplexing
In Rel-15, GB PUSCH is prioritized over GF PUSCH in the MAC layer process. That is, for a configured grant which is activated and to be processed, if the configured grant collides with a dynamic grant, then the MAC entity will not process the configured grant, e.g., drop the configured grant or postpone it until the end of dynamic PUSCH transmission. Herein, the collision of two grants means that the PUSCHs linked to these two grants overlap in time. This agreement follows the usual priority rule of scheduled transmission prioritized over configured transmission, but is actually unfriendly to URLLC UL transmission. Note that, in many cases GF PUSCH may be more suitable and/or required to carry URLLC data to achieve URLLC stringent latency requirement, as GB PUSCH may violate the maxPUSCH-Duration restriction of logical channels bearing URLLC data because of time spending on UL granting procedure. In a consequence, deprioritizing GF PUSCH when overlapping with GB PUSCH will incur extra latency for URLLC data transmission in GF PUSCH. Moreover, if the time permits, GB PUSCH with short duration and small MCS requiring large BW may be used to carry the potential URLLC data. However, this unavoidably results in inefficient resource utilization for eMBB transmission which normally uses GB PUSCH. As a result, prioritizing GB PUSCH over GF PUSCH is not a preferable method.
[image: ]
Figure 1 Illustration of slot-based GB PUSCH overlaps with mini-slot-based GF PUSCH
During previous meetings, many companies also proposed that GF PUSCH should have higher priority to guarantee the transmission of URLLC data. However, even if this choice secures the URLLC service, it does result in poor resource utilization for the eMBB. The GF PUSCH resources will be densely deployed and, hence, always choosing GF PUSCH may severely affect the eMBB transmission, especially when there are no URLLC data to send. Following this choice, even if there is no URLLC data to be sent on GF PUSCH, the GB PUSCH for eMBB data transmission is still prohibited. The only option would be to use the GF PUSCH for the eMBB, but these resources are preconfigured for the characteristics of URLLC. The different target BLER settings may result in an over-protection of transmission reliability and, hence, into a very low spectrum utilization. 
[bookmark: _Ref968590]Observation 2: When a UE is configured with GF URLLC traffic and grant based eMBB traffic, a semi-static prioritization of GF PUSCH over GB PUSCH would result in very poor eMBB resource utilization, or potentially even block the eMBB traffic.
To sum up, it is inappropriate to simply define a priority between GB PUSCH and GF PUSCH, or equally between a configured grant and a dynamic grant, when they are overlapping. In some cases it is better to have a GF transmission prioritized while in some other cases it is better with GB. The best choice is that the UE can dynamically determine whether to use a GF or GB PUSCH transmission, depending on which kind of data are waiting for transmission and whether GB PUSCH could well accommodate the URLLC data. 
Generally speaking, the determination whether to use GB or GF transmission should be made in the MAC layer since the PHY layer is unaware of the data arrival. In some cases, the URLLC data arrive before the GB PUSCH, and the MAC layer has enough time to select GB PUSCH or GF PUSCH for data mapping. For example, as shown in (a), the MAC layer should choose GF PUSCH if GB PUSCH is slot-based which is inappropriate for the latency-sensitive URLLC transmission. By contrast, the MAC layer can also choose GB PUSCH to transmit URLLC data if there is enough BW for the GB PUSCH to be scheduled with a short duration and low MCS to guarantee a reliable transmission, as shown in (b).
[image: ]
(a) URLLC data arrives before GB PUSCH which is slot-based
[image: ]
(b) URLLC data arrives before GB PUSCH and GB PUSCH has the same duration with GF PUSCH
Figure 2. MAC layer determination rule for UL multiplexing between GB PUSCH and GF PUSCH
[bookmark: _Ref968608]Observation 3: When GB PUSCH and GF PUSCH overlap in time, the MAC layer would select only one PUSCH to process if the processing time permits,
· The GB PUSCH would be selected if URLLC data do not arrive or if duration of GB PUSCH is not larger than the duration of GF PUSCH.
In other cases, URLLC data arrive during the GB PUSCH, or close to the forthcoming GB PUSCH and hence leaves insufficient time for MAC PDCU re-assembling. That is, URLLC data can only be mapped onto GF PUSCH. Then, the UE could choose to postpone the URLLC data transmission until the end of GB PUSCH or interrupt the ongoing GB PUSCH and turn to transmit URLLC data on the earliest feasible GF PUSCH resource. For latency reduction, the latter one is preferable, and this choice also coincides with the rule used for the case that GB PUSCH overlaps with GB PUSCH in the sense that the later activated grant overrides the earlier one. Note that in order to achieve this, RAN2 should relax the limitation that GF PUSCH can only be activated when it does not overlap with any GB PUSCH.
[image: ]
Figure 3. URLLC data arrives during the transmission GB PUSCH
[bookmark: _Ref968626]Observation 4: When URLLC data arrive during the logical channel prioritization process or during the transmission of a GB PUSCH, UE should interrupt the GB PUSCH and transmit URLLC data on the earliest feasible GF PUSCH resource.
As another alternative, the MAC layer can just process GB PUSCH and GF PUSCH with equal priority and a selection process is performed in the PHY layer. For example, the MAC layer would process each UL Grant, no matter whether a dynamic grant or a configured grant, sequentially. Then a GB PUSCH is processed, including logical channel selection, logical channel prioritization and data assembly, upon receiving the dynamic grant from the PHY layer if no other grant is processed. A GF PUSCH is processed if it is activated by a new arrival of URLLC data, no matter whether the GF PUSCH resource overlaps with a scheduled GB PUSCH or not.
Then if both GB PUSCH and GF PUSCH processed in the MAC layer with the respective MAC PDUs are sent to the PHY layer, the PHY layer must select only one channel for transmission since simultaneous transmission is not supported. For simplicity, the selection may be based on the channel types, e.g., GF PUSCH over GB, to guarantee the reliability of URLLC data.
[bookmark: _Ref968634]Observation 5: If grant selection function between GB PUSCH and GF PUSCH is not executed in the MAC layer process, the PHY layer shall support the selection process when collision occurs.
To sum up, it is suggested for RAN2 to remove the prioritization of GB PUSCH over GF PUSCH, and support dynamic grant selection for URLLC data transmission. 
[bookmark: _Ref968765]Proposal 4: It is suggested for RAN2 to remove the prioritization of GB PUSCH over GF PUSCH in the MAC layer process for Rel-16 URLLC, based on which
· The grant selection for URLLC data transmission in the MAC layer by considering the data type, the processing time and characteristic of each grant, or
· Define the priority rule in the PHY layer when GB PUSCH and GF PUSCH are both activated and overlapped in time should be supported.  
Intra-UE UL Prioritization - Resource Conflict between Dynamic Grants
TS 38.214 [4] has the following description:
“A UE shall upon detection of a PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. For any two HARQ process IDs in a given cell, if the UE is scheduled to start a PUSCH transmission in symbol j by a PDCCH in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than symbol j by a PDCCH starting later than symbol i.”
According the above standard specification, if the HARQ ID 0 in Figure 4 is scheduled for eMBB traffic and the URLLC traffic arrives after the eMBB traffic using HARQ_ID 0, URLLC traffic with HARQ ID 1 has to be transmitted after PUSCH for eMBB, however the duration of eMBB PUSCH will be probably up to 1ms which may be beyond the latency boundary of URLLC packet, thus it may be not tolerable for URLLC traffic. 
In order to avoid introducing additional UE processing capability and additional UE implementation complexity, eMBB PUSCH can be dropped.

[bookmark: _Ref26754]Figure 4 Out-of-Order HARQ for PUSCH
Based on above discussion, the HARQ/scheduling limitation should be removed from the UE having URLLC and eMBB traffic.
[bookmark: _Ref968792]Proposal 5: The scheduling/HARQ scheduling enhancement for grant-based PUSCH should be considered in Rel-16 URLLC. The UE behavior would be defined as follow:
· For any two HARQ processes A and B for a given UE, if the scheduling DCI for eMBB PUSCH in HARQ process A comes before (in time) the scheduling DCI for URLLC PUSCH in HARQ process B, then for the Rel-16 UE capability
· UE can be scheduled such that URLLC PUSCH in HARQ process B is before the eMBB PUSCH in HARQ process A, and drop the eMBB PUSCH.
UCI Multiplexing
In Rel-15, a timeline is defined for UCI multiplexing, including the first symbol of overlapping PUCCHs and/or PUSCH is N1+X away from the ending symbol of corresponding PDSCHs (if one PUCCH carries ACK/NACK) and meanwhile N2+Y away from the scheduling UL Grant (if PUCCHs overlaps with  one GB PUSCH). Meanwhile, it is required that for ACK/NACK piggyback on GB PUSCH, the scheduling UL grant must be no earlier than the scheduling DCI for ACK/NACK. Then if the timeline is satisfied, then UCI multiplexing would be implemented; and if the timeline is not satisfied, an error case occurs and no UE behaviour is specified. However, for URLLC UCI, it would be scheduled urgently and often requires to be fed back quickly. For example, the URLLC ACK/NACK would be scheduled on overlapping resource with GB PUSCH which is scheduled earlier than the URLLC ACK/NACK, as shown in Figure 5(a). Similarly, the URLLC ACK/NACK would be scheduled on an overlapping resource with a configured PUCCH resource for SR or CSI which starts earlier and hence is near to the scheduling DCI of the URLLC ACK/NACK, as shown in Figure 5(b). Also, an URLLC PUSCH could be scheduled urgently on overlapping resource with a PUCCH while the start symbol of PUCCH is close to the UL grant, violating the current timeline, as shown in Figure 5(c). In these cases, UE behaviour should be specified to guarantee the transmission of URLLC UCI.


[bookmark: _Ref534281177]Figure 5 Illustration for overlapping PUCCH(s) and/or PUSCH when the timeline is not satisfied
In the following, we discuss the potential enhancements for UCI multiplexing, and the details could be found in our companion paper [5].
Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel
In R15, UCIs on overlapping PUCCHs would be multiplexed and transmitted on one PUCCH if these two PUCCHs satisfy the defined timeline. However, even if the timeline is satisfied, multiplexing URLLC UCI with other UCI or data could incur extra latency or reduce the transmission reliability for URLLC UCI. From the perspective of URLLC protection, we can drop other UCI and transmit URLLC UCI directly. Nevertheless, it is so rough to drop other UCI directly especially when other UCI includes ACK/NACKs for many PDSCHs. In such a case, dropping these ACK/NACKs will cause lots of retransmissions and large resource consumption. By contrast, multiplex URLLC UCI and eMBB UCI in all cases is not robust for URLLC UCI. We can refer to the solution for URLLC ACK/NACK overlapping with eMBB ACK/NACK, and still define a rule for UCI multiplexing.  
[bookmark: _Ref968823]Proposal 6: For one PUCCH carrying eMBB UCI overlaps with another PUCCH carrying URLLC  UCI, these two UCIs should be multiplexed on one PUCCH if the timeline is satisfied and 
· The ending symbol of the PUCCH resource after multiplexing is X symbol later than the ending symbol of the original URLLC PUCCH;
· The coding rate of the PUCCH resource after multiplexing is Y larger than the coding rate of the original URLLC PUCCH.
Intra-UE UL Prioritization –Resource Conflict between Control Channel and Data Channel 
If URLLC UCI can be distinguished from eMBB UCI, then enhanced UCI piggyback methods could be designed to guarantee the low-latency and ultra-reliable URLLC UCI. Specifically, the current UCI mapping method on PUSCH would incur extra feedback latency (e.g., UCI would be mapped on the second hop) and cannot meet different reliability requirements for URLLC UCI and eMBB UCI. For this end, enhanced UCI mapping should be supported.
[bookmark: _Ref968840]Proposal 7: Enhanced UCI mapping methods for URLLC UCI should be supported, e.g., only mapping on the first hop and/or enabling different beta-offset from eMBB UCI.
As explained above, for an urgent URLLC data, PUSCH can be scheduled on an overlapping resource with ACK/NACK with a much small scheduling delay, and hence cannot satisfy the timeline requirement. In such a case, PUSCH for URLLC should be prioritized. Meanwhile, even if the timeline is satisfied, piggybacking eMBB UCI on URLLC PUSCH may consume too much resource and hence reduce the transmission reliability of URLLC data. Enhanced UCI piggyback methods should be designed to guarantee the URLLC data transmission.
[bookmark: _Ref968850]Proposal 8: Enhanced UCI piggyback method to prioritize URLLC data transmission should be supported, e.g., disabling UCI piggyback through indication in DCI and/or enabling smaller beta-offset.
Intra-UE UL Prioritization – CA/DC-based Concurrent Transmission with Power Limitation
In some cases where carrier aggregation or dual connectivity is applied, it is possible that different traffics are scheduled in the different serving cells. For example, the URLLC transmission is in the first serving cell and the eMBB transmission is in other serving cells. In this scenario, although there is no transmission resource collision, both the URLLC and eMBB may simultaneously transmit in the different cell, which would led the requirement power exceed the Pcmax. The UE would do power scaling process when power limitation. 
Hence, the prioritization of the traffic type should be considered to power scaling. One straightforward way that URLLC transmission is prioritized than eMBB transmission since the URLLC has lower latency requirement and higher reliability than eMBB. For example, the priority order for transmissions can be (in descending order) so that the total UE transmit power is smaller than or equal to Pcmax, such as  PRACH transmission on the PCell > URLLC data > HARQ-ACK/SR for URLLC > URLLC CSI > eMBB data > SRS/ PRACH transmission on a serving cell other than the PCell.
Intra-UE UL Prioritization – Power Control for Traffics with Different Priorities
As NR supports various services with different reliability requirements, especially one UE may support more than one traffic. The target BLER should be able to change dynamically to accommodate the different reliability requirements of different traffics. 
When one UE already is transmitting a PUSCH with low priority and then it has urgent URLLC data with higher priority to be sent on the overlapping resource, a relatively higher power can be applied than for the case without the transmission with low priority. Therefore, it should made be possible to dynamically indicate different sets of power control parameters to the UE. The gNB would pre-configure at least two sets of open-loop power control parameters {P0 and alpha} for the URLLC UE. Then, which one to use is indicated in the scheduling DCI to guarantee the reliability of traffics with different priorities.


On the other hand, as agreed in the current specification [6], if the PUCCH transmission is in response to a PDCCH decoding with DCI format 1_0 or DCI format 1_1 or DCI format 2_2 having CRC parity bits scrambled by TPC-PUCCH-RNTI, there is 2-bit TPC command field with the corresponding accumulated value  for power control adjustment. As shown in Table 7.2.1-1 in [6],  can take the values of -1 dB, 0 dB, 1 dB and 3 dB for transmissions with low priority. However, the gap of required SINR for different target BLERs is very large, up to 11 dB for target BLER of 10-1 and 10-5 in fading channel with realistic channel estimation for URLLC transmissions. Therefore, the current closed loop power control mechanism cannot trace the change of BLER requirements dynamically and compensate the change of required transmission power efficiently.

There are two methods to solve the above problem. The first method is to increase the range of the accumulated, e.g., modify the entries of Table 7.2.1-1 or extend the TPC command with more bits. Alternatively, multiple sets of power control parameters (at least including P0 and alpha) can be configured for different services, and the parameter set can be selected dynamically by the DCI either explicitly or implicitly.

Table 1 Modified mapping of TPC command field to the accumulated 
	TPC Command Field
	
Accumulated  [dB]

	0
	-2

	1
	0

	2
	2

	3
	7




Table 2 Extended TPC command field values and the corresponding accumulated 
	TPC Command Field 
	
Accumulated  [dB]

	0
	-5

	1
	-3

	2
	-1

	3
	0

	4
	1

	5
	3

	6
	5

	7
	7





Table 1 shows an example of the modification of accumulated  corresponding to each TPC command field. For eMBB, either Table 1 or the current table, i.e., Table 7.2.1-1 in 38.213, can be used. For URLLC, Table 1 is more suitable. If two types of traffic use different tables, a DCI signaling should be sent to tell UE which table to use when adjusting power control parameter. The DCI signaling could be a new DCI field or a new DCI format. However, considering the requirement of URLLC reliability may become more stringent, e.g. up to 99.999%, the range of the accumulated  should be further enlarged. To this end, it may be beneficial to directly extend the TPC command from 2 bits to 3 bits, and update the table as shown in Table 2.

In addition, the method of enlarging the range of the accumulated and absoluteand dynamically selecting the power control parameter set (at least including P0 and alpha) by DCI signaling explicitly or implicitly is also suitable for PUSCH considering different BLER requirements.
[bookmark: _Ref1132512]Proposal 9: Enlarge the range of TPC command field in order to support a wider range of power adjustment when the BLER requirements change dynamically.


On the need to differentiate between eMBB and URLLC services
According to the analysis above from section 2-7, it is found that distinguishing eMBB/URLLC services in physical layer is necessary to support these scenarios identified by RAN2, especially for the intra-UE multiplexing scenario.
Proposal 10: RAN1 shall support at least one mechanism for differentiation of eMBB and URLLC services in the physical layer.

Different URLLC services can have different requirements. Thus, even if no eMBB service is supported, but the different URLLC services are configured, a similar need as discussed above arises. 
Detailed methods for differentiation of eMBB and URLLC services refer to companion contribution [7].

Conclusion
In this contribution, we provide our views on the design of the intra-UE UL&DL multiplexing of eMBB and URLLC. We have the following observations and proposals:
Observation 1: When reception processing of URLLC and eMBB data occurs simultaneously at the UE side, the processing conflict cannot be solved by delaying the URLLC data.
Observation 2: When a UE is configured with GF URLLC traffic and grant based eMBB traffic, a semi-static prioritization of GF PUSCH over GB PUSCH would result in very poor eMBB resource utilization, or potentially even block the eMBB traffic.
Observation 3: When GB PUSCH and GF PUSCH overlap in time, the MAC layer would select only one PUSCH to process if the processing time permits,
· The GB PUSCH would be selected if URLLC data do not arrive or if duration of GB PUSCH is not larger than the duration of GF PUSCH.
Observation 4: When URLLC data arrive during the logical channel prioritization process or during the transmission of a GB PUSCH, UE should interrupt the GB PUSCH and transmit URLLC data on the earliest feasible GF PUSCH resource.
Observation 5: If grant selection function between GB PUSCH and GF PUSCH is not executed in the MAC layer process, the PHY layer shall support the selection process when collision occurs.

Proposal 1: For supporting the out-of-order PDSCH-to-HARQ and PDCCH-to-PDSCH between two HARQ processes on the active BWP of a given serving cell, based on URLLC & eMBB identification in physical layer, UE should drop the eMBB PDSCH or HARQ-ACK for eMBB.
Proposal 2: For Rel-16, URLLC traffic shall have higher priority than other traffic in the event of parallel reception processing.
Proposal 3: For Rel-16, if URLLC/eMBB identification is introduced in physical layer, then some DL PI enhancements can be considered.
Proposal 4: It is suggested for RAN2 to remove the prioritization of GB PUSCH over GF PUSCH in the MAC layer process for Rel-16 URLLC, based on which
· The grant selection for URLLC data transmission in the MAC layer by considering the data type, the processing time and characteristic of each grant, or
· Define the priority rule in the PHY layer when GB PUSCH and GF PUSCH are both activated and overlapped in time should be supported.
Proposal 5: The scheduling/HARQ scheduling enhancement for grant-based PUSCH should be considered in Rel-16 URLLC. The UE behavior would be defined as follow:
· For any two HARQ processes A and B for a given UE, if the scheduling DCI for eMBB PUSCH in HARQ process A comes before (in time) the scheduling DCI for URLLC PUSCH in HARQ process B, then for the Rel-16 UE capability
· UE can be scheduled such that URLLC PUSCH in HARQ process B is before the eMBB PUSCH in HARQ process A, and drop the eMBB PUSCH.
Proposal 6: For one PUCCH carrying eMBB UCI overlaps with another PUCCH carrying URLLC  UCI, these two UCIs should be multiplexed on one PUCCH if the timeline is satisfied and 
Proposal 7: Enhanced UCI mapping methods for URLLC UCI should be supported, e.g., only mapping on the first hop and/or enabling different beta-offset from eMBB UCI.
[bookmark: _GoBack]Proposal 8: Enhanced UCI piggyback method to prioritize URLLC data transmission should be supported, e.g., disabling UCI piggyback through indication in DCI and/or enabling smaller beta-offset.
Proposal 9: Enlarge the range of TPC command field in order to support a wider range of power adjustment when the BLER requirements change dynamically.
Proposal 10: RAN1 shall support at least one mechanism for differentiation of eMBB and URLLC services in the physical layer.
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