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1 Introduction
During RAN1 #90bis and #90 meetings [1-2], the following agreements about the multiplexing of eMBB and URLLC were made.
	Agreements:(RAN1 #90bis)
· The time duration of the reference downlink resource for pre-emption indication equals to the monitoring periodicity of the group-common DCI carrying the pre-emption indication 
· In TDD, at least the semi-statically configured UL symbols are excluded from the reference downlink resource
· Note: This means the reference downlink resource only includes the DL or unknown symbols given by semi-static configuration within the semi-statically configured time duration of the reference downlink resource.
· FFS for the handling of reserved resource especially at RE level
· For minimum monitoring periodicity of pre-emption indication:
· At least slot level monitoring periodicity of preemption indication is supported
· FFS to additionally support other cases (e.g. non-slot level monitoring)
· A fixed payload size (excluding CRC and potential reserved bits) of the group-common DCI carrying the downlink pre-emption indication (PI), in the format of a bitmap is used to indicate preempted resources within the semi-statically configured DL reference resource
· The bitmap indicates for one or more frequency domain parts (N>=1) and/or one or more time domain parts (M>=1)
· There is no RRC configuration involved in determining the frequency or time-domain parts
· The following combinations are supported and predefined {M, N} = {14, 1}, {7, 2}
· A combination of {M,N} from this set of possible {M,N} is indicated 1bit by RRC configuration for a UE
Agreements:(RAN1 #90)
· The frequency granularity of pre-emption indication is configured to be y RBs within the reference downlink resource for the given numerology
· FFS: explicit signaling or implicitly derived by other RRC signalling
· Note: The y RBs can correspond to the whole frequency region of the downlink reference resource.
· The time granularity of pre-emption indication is configured to be x symbols within the reference downlink resource for the given numerology
· FFS: explicit signaling or implicitly derived by other RRC signalling



In this contribution, the remaining issues on pre-emption indication are discussed, especially pre-emption indication in case of TDD with 1 slot monitoring periodicity, TDD/FDD with larger than 1 slot monitoring periodicity, and potential UE behaviours. 
2 Discussion
With the agreements made until RAN1 #90bis, Pre-emption Indication (PI) can work as described by the steps  (1)~(3) below:
(1) DL reference resource for PI can be configured as {1-slot, 1-BWP}. For example, the time duration of the DL reference resource for PI equals the monitoring periodicity of the group-common DCI carrying the pre-emption indication. One slot is assumed here as an example because it already has been agreed that at least slot level monitoring periodicity of the preemption indication is supported. Furthermore, all 14 symbols are assumed to be DL symbols in this example. The frequency region of the reference downlink resource for pre-emption indication is the active DL BWP.
(2) The reference region is divided into M*N sub-blocks {M parts of time domain and N parts of frequency domain} and a bitmap is used to indicate whether a sub-block is being pre-empted or not. The granularity of the sub-blocks is RRC configurable, the reference region can either be divided into 14 symbols, each spanning the entire frequency domain, or into 7 parts in time domain, each 2 symbols wide, but each one only spanning half of the frequency region. Both configurations consist of 14 sub-blocks and a 14-bit bitmap can therefore be used for both cases, {M, N} = {14, 1} or {7, 2}. Figure 1 below illustrates the two cases{1-OS, 1-BW} and {2-OS, 1/2-BW}. 
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Figure 1 - 14 sub-blocks in DL reference resource with 14 symbols
(3) In case that URLLC traffic is transmitted within the reference region and preempting an ongoing eMBB transmission, then UEs configured to monitor the PI should be able to detect it. 
There are still some issues that need to be clarified about the preemption indication: 
About the reference region:
· If the time domain of DL reference resource is smaller than 14-symbols, then how to get {M, N} = {14, 1} or {7, 2}?  This question is for 1-slot monitoring periodicity in case of TDD with one or more UL symbols. And it is also a question for non-slot level monitoring periodicity which is still FFS. If the time domain of the DL reference resource is larger than 14-symbols, then how to get {M, N} = {14, 1} or {7, 2}?  Because at least slot level monitoring periodicity of preemption indication is supported. Maybe {1,2,5,10,20}-slot like monitoring periodicity for SFI which is also GC-DCI can be assumed. Then the time domain of DL reference resource can be larger than 14-symbols.
About the UE behavior: 
· After UE receiving PI, how to define the UE behaviors? Do we need to define it or can we just leave up to UE implementation?
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]2.1 Pre-emption indication in case of less than 14-symbols available
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]It was agreed that at least the semi-statically configured UL symbols are excluded from the reference downlink resource in TDD. Considering that the number of UL symbols may be between 0 and 14, then how to get {M, N} = {14, 1} or {7, 2} if the time domain of the DL reference resource is smaller than 14-symbols and the monitoring periodicity of PI is one slot? 
First, observation 1 can be listed obviously as below:
Observation 1: M = {14,7} parts of the time domain cannot be realized if the number of symbols within the DL reference resource is smaller than 7 with the minimum granularity of 1OS.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Take 6 and 8 UL symbols in one slot as example.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]An example to divide the DL reference resource region into 14 sub-blocks is shown in Figure 2 below. The dimensions of each sub-block will not be identical. This leaves a high degree of flexibility and many potential schemes to get 14 sub-blocks. Figure 2 shows just two candidates, one for 8 and one for 6 symbols within the DL reference resource region. Considering that the number of UL symbols may vary between 0-14, it will be a huge effort to specify all the different granularities.
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Figure 2 - DL reference resource for less than 14 DL symbols
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]A simple and unified method should be used to define the sub-blocks within the DL reference resource for various DL durations. The two options listed below can be considered.
Option 1: If the time domain of DL reference resource has an even number of symbols, the granularity of each sub-block can be {1-OS, 1-BW} or {2-OS, 1/2-BW}. If the time domain of DL reference resource has odd number of symbols, the granularity of each sub-block can be {1-OS, 1-BW}. The result of M×N is less than 14.
Option 2: Firstly, 14 sub-blocks are obtained from a slot including also the UL symbols. Then {M, N} = {14, 1} or {7, 2} can be reused. Secondly, if the resources in a sub-block are all UL resources, then this sub-block does need not to be indicated and the corresponding bit in the DCI is reserved.  As shown in Figure 3, there are two UL symbols in one slot, {M, N} = {14, 1} or {7, 2} could be reused and the last 2-bits of the 14-bit bitmap are reserved.
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Figure 3 - DL reference resource with insufficient 14-symbols
Discussion of option 1 and option 2: Sub-blocks are obtained within the DL reference resource which is aligned with the previously made agreements but the {M,N} would not be {14, 1} or {7, 2} for option 1. While {M, N} = {14, 1} or {7, 2} could be reused for option 2 but the sub-blocks are obtained from both the DL reference resource and the UL symbols for option 2. Comparing these two options, it seems option 2 is more robust and universal with less specification impact while option 1 needs many combinations of {M,N} which will lead to a complex specification.
Proposal 1: In case of TDD and the monitoring periodicity of the group-common DCI carrying the pre-emption indication is 1 slot,  {M, N} = {14, 1} or {7, 2} sub-blocks are obtained from 1 slot including all UL symbols. The bit(s) for indicating the sub-block(s) containing only UL resources are reserved.
2.2 Pre-emption indication in case of larger than 14-symbols
Because at least slot level monitoring periodicity of preemption indication is supported, maybe a periodicity of {1, 2, 5, 10, 20}-slots, like the monitoring periodicity for SFI which is also carried in a GC-DCI, can be assumed. In section 2.1, the 1-slot monitoring periodicity for PI has been analyzed. In this section, other possible values for the monitoring periodicity are analyzed.
Monitoring periodicity of 2-slot:
For FDD, the 2-slot case with, {M,N}={14,1} will align with the slot boundaries. For {M, N} = {7, 2}, only using one granularity {4-OS, 1/2-BW} will not align with all slot boundaries. If the sub-blocks are supposed to be aligned with all  slot boundaries, the sub-block dimensions cannot be identical and more granularities or shapes of the sub-blocks need to be specified. An example is shown in Figure 4 below.
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Figure 4 - DL reference resource with 2-slot case
Considering not aligning the “inner slot boundary” within the DL reference resource does not impact the eMBB/URLLC transmission and the granularity of PI is always not exact. From our perspective, it fine that parts (sub-blocks) of the reference region do not align with slot boundaries between two monitoring instances.
Proposal 2: In case of FDD and monitoring periodicity of the group-common DCI carrying the pre-emption indication is 2 slots, at least {M, N} = {14, 1} is supported. For {M, N} = {7, 2}, the sub-blocks do not need to be aligned with slot boundaries between two monitoring instances. The granularity of all sub-blocks is the {4-OS, ½-BW}.
For TDD, the number of UL symbols in each slot may or may not be the same because SFI can be indicated based on one slot or multiple slots. If we discuss this issue case by case, it will lead easily to a messy work. So combined with the analysis in section 2.1, a robust and universal scheme is similar to option 2 in section 2.1 which can be listed below:
Firstly, 14 sub-blocks are obtained from 2 slots including the UL symbols in each slot and {M, N} = {14, 1} or {7, 2} could be reused like in FDD. Secondly, if the resources in a sub-block are all UL resources, then this sub-block does not need to be indicated and the corresponding bit is reserved. 
Proposal 3: In case of TDD and the monitoring periodicity of the group-common DCI carrying the pre-emption indication is 2 slots,  {M, N} = {14, 1} or {7, 2}  are obtained from 2 slots including all UL symbols and the bit(s) for indicating the sub-block(s) containing only UL resources are reserved.
More than 2-slot case
Considering that the possible values of the monitoring periodicity of PI may be similar to that for SFI, 5, 10 and 20 slots may also be candidate values. But in the cases a UE receiving PI after being pre-empted is most likely also later than the HARQ-ACK feedback for the initial transmission. Thus, in these situations the PI may be only used in combination with retransmission.
Similar to the 2-slot case, {M, N} = {14, 1} or {7, 2} could be reused if aligning with slot boundary is not required. For example, sub-block with granularity of {5-OS,1-BW} is used for 5-slot case with {M, N} = {14, 1}. Otherwise, if sub-block should not cross a slot boundary some other granularities would need to be introduced for the 5, 10 or 20 slots case. For simplification, the slot-level granularity in the time domain and the whole BWP in the frequency domain can be used for the more than 2-slot cases. For example, the granularity of the 1-slot can be used for 5 and 10 slots case, granularity of 2-slot can be used for 20 slots case. The remaining bit can be reserved if M×N is less than 14. As for simple consideration, the following is proposed.
Proposal 4: In case of monitoring periodicity of the group-common DCI carrying the pre-emption indication is more than 2 slots, {M, N} = {14, 1}, {7, 2} can be reused. Granularity of each sub-block is same for a monitoring periodicity. The sub-blocks do not need to be aligned with slot boundaries between two monitoring instances.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK7][bookmark: OLE_LINK8]2.3 UE behavior upon PI detection 
No conclusion has been made on the UE behavior after the UE has received the PI. It was only agreed that the HARQ timeline for a PDSCH transmission is not affected by preemption indication. This is an important agreement in order to achieve consistent performance for different kinds of UEs. Any scheme which impacts the HARQ timeline cannot be accepted. In our view, this is the only really important issue that needs to be specified. To specify further details for the UE behavior is not feasible at the moment, because:
· The possible UE behavior is tightly connected with the monitoring periodicity, shall it be once per slot or more often? There are advantages and drawbacks for both approaches. A more frequent PI monitoring, might lead to a better decoding performance. But it has not been quantified how much gain could be achieved by that. On the other hand, also more blind detections need to be spent and more resources need to be reserved for the PI transmission. Thus, there will be fewer resources available for PDSCH transmissions. Before this issue is solved, there is no point in going further with a specification of the UE behavior.
· RAN4 will probably not develop test cases for preemption indication alone.   
In the summary of “Multiplexing data with different transmission durations” [3], the expression 't_reproc' is introduced. Assume that T represents the time-gap between the reception of the PI and the HARQ-ACK feedback, then to specify that the usage of PI for a UE may depend on the time 'T' could be sufficient. If T is larger than ‘t_reproc’, re-decode/calculate HARQ-ACK referred the PI may be possible but is dependent on UE capabilities. In case of HARQ combination, it is a straight forward that PI can be referred for not combining the affected PDSCH with retransmission if PI is received before the retransmission. 
Proposal 5: UE behaviours after receiving PI are depended on UE implementation. In case of HARQ combination, PI can be referred for not combining the affected PDSCH with retransmission if PI is received before the retransmission.
3 Conclusion
In this contribution the remaining issues on preemption indication are discussed to facilitate the dynamic multiplexing of the URLLC and eMBB in the downlink. The main focus of this contribution is how to divide DL reference resource in case of  TDD with 1 slot monitoring periodicity or TDD/FDD with larger than 1 slot monitoring periodicity. Considering the number of UL symbols may be 0-14 in one slot, how to get {M, N} = {14, 1} or {7, 2} if the time domain of DL reference resource is not 14-symbols should be solved.
In summary the following observations and proposals are listed as below:    
Observation 1: M={14,7} parts of the time domain cannot be realized if the number of symbols within the DL reference resource is smaller than 7 with the minimum granularity of 1OS.
Proposal 1: In case of TDD and the monitoring periodicity of the group-common DCI carrying the pre-emption indication is 1 slot,  {M, N} = {14, 1} or {7, 2} sub-blocks are obtained from 1 slot including all UL symbols. The bit(s) for indicating the sub-block(s) containing only UL resources are reserved.
Proposal 2: In case of FDD and monitoring periodicity of the group-common DCI carrying the pre-emption indication is 2 slots, at least {M, N} = {14, 1} is supported. For {M, N} = {7, 2}, the sub-blocks do not need to be aligned with slot boundaries between two monitoring instances. The granularity of all sub-blocks is the {4-OS, ½-BW}.
Proposal 3: In case of TDD and the monitoring periodicity of the group-common DCI carrying the pre-emption indication is 2 slots,  {M, N} = {14, 1} or {7, 2}  are obtained from 2 slots including all UL symbols and the bit(s) for indicating the sub-block(s) containing only UL resources are reserved.
Proposal 4: In case of monitoring periodicity of the group-common DCI carrying the pre-emption indication is more than 2 slots, {M, N} = {14, 1}, {7, 2} can be reused. Granularity of each sub-block is same for a monitoring periodicity. The sub-blocks do not need to be aligned with slot boundaries between two monitoring instances.
Proposal 5: UE behaviours after receiving PI are depended on UE implementation. In case of HARQ combination, PI can be referred for not combining the affected PDSCH with retransmission if PI is received before the retransmission.
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