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1. Introduction

This contribution is a revision of R1-1715691 ever submitted to RAN1 NR AH#3 meeting.

In the RAN1#NR AH2 meeting, it was agreed that both slot-based and non-slot-based scheduling will be supported in NR [1]:

Agreements:
· For downlink, UE can be informed about the first DMRS position of the PDSCH between the following:

· Fixed on the 3rd or 4th symbol of the slot (for, a.k.a, slot-based scheduling)

· 1st symbol of the scheduled data (for a.k.a non-slot-based scheduling)

· FFS: if special handling is needed for the case where some of the PRBs of the symbol of the scheduled data is overlapped with the other signals/channels

· FFS: When the UE is configured both slot-based scheduling and non-slot-based scheduling, the first DMRS position of the PDSCH can be changed between the 3rd or 4th symbol of the slot and 1st symbol of the scheduled data
In the RAN1#90 meeting, a WF on pre-emption indication was agreed [2]:

Agreements:
· Preempted resource(s) within a certain time/frequency region (i.e. reference downlink resource) within the periodicity to monitor group common DCI for pre-emption indication, is indicated by the group common DCI carrying the preemption indication

· The frequency region of the reference downlink resource is configured semi-statically

· FFS: explicit signaling or implicitly derived by other RRC signalling

· The time region of the reference downlink resource is configured semi-statically 

· FFS: explicit signaling or implicitly derived by other RRC signalling

· 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

· Note: Time/frequency granularities of pre-emption indication should take into account the payload size of the group common DCI carrying the pre-emption indication

In the RAN1#NR AH3 meeting, three WFs on pre-emption indication were agreed [3]:

Agreement:
· UE can be configured to monitor the group common PDCCH for SFI and the group common DCI for DL preemption indication within the same or different CORESETs
Agreements: 
· As a working assumption
· The time duration of the reference downlink resource for preemption indication equals to the monitoring periodicity of the group-common DCI carrying the preemption indication
· For determination of the frequency region of the reference downlink resource for preemption indication, down select between the following options in RAN1#90bis
· Option 1: The frequency region of the reference downlink resource is configured explicitly by RRC
· Option 2: The frequency region of the reference downlink resource is implicitly derived by the active DL BWP
· NOTE: Companies are encouraged to address the issues highlighted in the offline summary T-doc R1-1716911
Agreement:

· The minimum periodicity for UE to monitor group common DCI for DL preemption indication is down-selected between
· Option 1: one slot
· Option 2: less than a slot
The multiplexing of data channels with different durations may lead to more complicated resource indication scenarios. The multiplexing can indicated in a DCI before the transmission, or after the transmission (called “pre-emption indication”). In this paper, we discuss how to allocate resource in symbol level in case multiplexing of data channels with different durations, which can also be used for pre-emption indication. And also, the open issues on pre-emption indication are also discussed.
2. Multiplexing of data channels with different durations
Since the slot-based data channel and symbol-based data channel will be both supported in NR specs, the multiplexing of the two types of data channels needs to be considered. The multiplexing of two symbol-based channels with different durations is also more complicated than slot-based multiplexing.
Both TDM and FDM should be supported for multiplxing the data channel with different durations. And it should be noticed that the symbol-based data channel often needs to be allocated more frequency-domain resource during the limited number of symbols, e.g. URLLC services requiring a wide bandwidth transmission in a couple of symbols. 
As shown in Fig.1 (a), UE 1 is a slot-based UE for whom the gNB will allocate resource with granularity of 14 symbols (supposing 14 symbols per slot). UE 2 and UE 3 are symbol-based UEs for whom the gNB will allocate resource with granularity of 2 symbols and 4 symbols respectively. gNB needs to allocate relatively wide-bandwidth resource for symbol-based UEs. When nominal resource for the symbol-based UEs overlap with that for slot-based UEs, two different principles could be followed when perform the multiplexing:
· Principle 1: Avoid symbol-based channel puncturing slot-based channel

With this principle, the frequency resource allocated to symbol-based UEs is often divided to discontiguous PRBs. The legacy PRB allocation schemes (analogous to LTE) can well support the discontiguous PRB allocation. The disadvantage of this principle is that the resource allocation for symbol-based UEs is highly restricted. When the system is relatively heavily-loaded, the remaining PRBs after the slot-based allocation may not fulfil the resource requirement of symbol-based UEs.
· Principle 2: Allow symbol-based channel punturing slot-based channel
With this principle, the resource for symbol-based UEs can be allocated with a full flexibility. A larger number of PRBs can be allocated to a symbol-based UE by puncturing a part of nominal resource for slot-based UEs. The “puncturing” may be determined before or after the DCI scheduling the slot-based UE is transmitted.  But for any cases, resource finally allocated to the slot-based UE may consist dis-continuous symbols, as shown in Fig.1 (b). If the “puncturing” is determined before the DCI scheduling the slot-based UE is transmitted, the DCI should be able to indicate the dis-continous symbol allocation. If the “puncturing” is determined after the DCI is transmitted (so called “pre-emption”), the dis-continous symbol allocation may be conveyed in pre-emption indication.
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	(a) Principle 1: Avoid symbol-based channel punturing slot-based channel
	(b) Princile 2: Allow symbol-based channel punturing slot-based channel


Fig.1: Two mutliplexing principles for slot/symbol-based data channels
3. Symbol-level resource indication and pre-emption indication
If the 2nd multiplexing principle in Fig.1 is supported, a transmission consisting dis-continuous symbols needs to be indicated. A simple way is to use a symbol-level bitmap for the indication. As in the example in Fig.2, a 14-bit bitmap can be used to indicate the symbols used for UE1’s transmission. The bitmap is 11001100001111 for the example.
If the multiplxing between UE1, UE2 and UE3 is determined before the DCI conveying the scheduling grant is transmitted, the bitmap can be conveyed in the DCI. If the multiplxing between UEs is determined after the DCI is transmitted (i.e. UE2 and UE3 transmissions pre-empt UE1 transmission), the bitmap can be conveyed in a subsequent signaling, e.g. pre-emption indication.

In the pre-emption indication case, if only a part of RBs allocated to one UE (e.g. UE1 in Fig.2) are punctured by another UE (e.g. UE3 in Fig.2), gNB can decide if to indicate the pre-emption or not. In the example of Fig.2, gNB indicates the pre-emption with “0000” to UE1 for the symbol 7~10.
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Fig.2: Symbol-level bitmap for dis-continuous resource indication (incl. pre-emption indication)
Proposal 1: Support flexible multiplexing between data transmissions with different durations, i.e. a longer-duration transmission punctured in symbol-level by a short-duration transmission.
· Support indicating data transmission consisting dis-continuous symbols, e.g. using a symbol-level bitmap.

· Indicated in the DCI scheduling the transmission if the multiplxing is determined before the DCI is transmitted.

· Indicated in the pre-emption indication if the multiplxing is determined after DCI is transmitted.
4. Other open issues on pre-emption indication
Determination of the time duration of the reference DL resource
On this aspect, the current WA can be confirmed.

Proposal 2: Confirm the WA as:
· The time duration of the reference downlink resource for preemption indication equals to the monitoring periodicity of the group-common DCI carrying the preemption indication.
Determination of the frequency region
The two options under consideration are follows:
· For determination of the frequency region of the reference downlink resource for preemption indication, down select between the following options in RAN1#90bis
· Option 1: The frequency region of the reference downlink resource is configured explicitly by RRC
· Option 2: The frequency region of the reference downlink resource is implicitly derived by the active DL BWP
Among them, Option 2 is more desired.  Actually, the active DL BWP can serve as the reference DL resource. A RBG-based bitmap over the BWP can be used to indicate the detaild pre-empting resource. Option 1 introduces an additional level of configuration which is unnecesary.
Proposal 3: The frequency region of the reference downlink resource for preemption indication is the active DL BWP. 

Detailed time-domain indication of DL pre-empting resource
A bitmap over the reference time duration in DCI can be used to indicate the actual time-domain pre-empting resource. 1-symbol  minimum granularity should be supported. The bitwidth of time-domain bitmap is fixed, e.g. 14-bit. Hence the granularity can be derived from duration of the reference resource. If the duration is one slot, the granularity is 1 symbol. If the duration is two slots, the granularity is 2 symbols.
Proposal 4: A bitmap with fixed bitwidth in the DCI can be used to indicate the actual time-domain pre-empting resource over the reference time duration. The granularity is derived from the duration and the bitwidth.
Detailed frequency-domain indication of DL pre-empting resource
Over the active DL BWP, a bitmap with fixed bitwidth in DCI can be used to indicate the actual frequency-domain pre-emption resource. The granularity is RBG whose size is derived from BWP size (similar to PDSCH/PUSCH Type 0 RA). The minimum granularity is 1 PRB. 
Proposal 5: A bitmap with fixed bitwidth in the DCI can be used to indicate the actual frequency-domain pre-empting resource over the active DL BWP. The RBG size is derived from the BWP size.
5. Conclusions
Proposal 1: Support flexible multiplexing between data transmissions with different durations, i.e. a longer-duration transmission punctured in symbol-level by a short-duration transmission.

· Support indicating data transmission consisting dis-continuous symbols, e.g. using a symbol-level bitmap.

· Indicated in the DCI scheduling the transmission if the multiplxing is determined before the DCI is transmitted.

· Indicated in the pre-emption indication if the multiplxing is determined after DCI is transmitted.
Proposal 2: Confirm the WA as:
· The time duration of the reference downlink resource for preemption indication equals to the monitoring periodicity of the group-common DCI carrying the preemption indication.
Proposal 3: The frequency region of the reference downlink resource for preemption indication is the active DL BWP. 

Proposal 4: A bitmap with fixed bitwidth in the DCI can be used to indicate the actual time-domain pre-empting resource over the reference time duration. The granularity is derived from the duration and the bitwidth.
Proposal 5: A bitmap with fixed bitwidth in the DCI can be used to indicate the actual frequency-domain pre-empting resource over the active DL BWP. The RBG size is derived from the BWP size.
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