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1. Introduction

In the RAN1#88bis meeting, we also agreed that the duration of the data channels can be flexibly configured for the symbol-based resource allocation [1]:

Agreements:
· The duration of a data transmission in a data channel can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission
· FFS: the starting/ending position of the data transmission
· FFS: the indicated duration is the number of symbols
· FFS: the indicated duration is the number of slots
· FFS: the indicated duration is the numbers of symbols + slots
· FFS: in case cross-slot scheduling is used
· FFS: in case slot aggregation is used
· FFS: rate-matching details
· FFS: whether/how to specify UE behavior when the duration of a data transmission in a data channel for the UE is unknown
In the RAN1#89 meeting, a WF on pre-emption indication was also agreed [2]:

Agreements:
· For DL CBG-based (re)transmission,
· Following information can be configured to be included in the same DCI:
· Which CBG(s) is/are (re)transmitted.
· Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.
· FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed.
· FFS: timing of CBG-based (re)transmission.
· For preemption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been preempted.
· The preemption indication is transmitted using a PDCCH.
· The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
· FFS: the granularity of the time and/or frequency resources.
· FFS: what DCI is used.
· FFS: timing of the preemption indication.
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.
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: 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. Conclusions
Proposal: 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.
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