
3GPP TSG RAN WG1 NR Ad-Hoc#2                                       
                     R1-1710382
Qingdao, P.R. China 27th – 30th June 2017
Source:
vivo
Title:
Discussion on pre-emption indication for downlink 
Agenda Item:
5.1.3.3.7.1
Document for:
Discussion and Decision 
1. Introduction 

In previous RAN1 meeting, DL CBG-based (re)transmission and preemption were discussed and some agreements were achieved as follows [1-2]: 

· 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.
In this contribution, we share our view on pre-emption indication for downlink.
2. DL CBG-based (re)transmission

DCI for CBG includes the (re)transmitted CBG indication and soft-buffer/HARQ combining indication. UE behavior can be specified as following. 
If preemption indication is ‘no’, UEs conduct the soft-buffer/HARQ combination of CBGs of retransmission and previous transmission.  
If preemption indication is ‘yes’, UEs buffer the retransmitted CBGs and discard the previous CBGs.

Proposal 1: UE behavior about CBG-based retransmission is specified as following

· If preemption indication is ‘no’, UEs conduct the soft-buffer/HARQ combination of CBGs of retransmission and previous transmission.  
· If preemption indication is ‘yes’, UEs buffer the retransmitted CBGs and discard the previous CBGs.

For CBG-based re-transmissions, it can occur before or after HARQ feedback of previous transmission. If CBG-based (re)transmission is before the HARQ feedback, UE may not have enough time to decode the initial transmission and retransmission data, which requires RAN#4 input about UE’s decoding latency. Generally, latency requirement from eMBB service is not tight. If decoding latency is not tolerant, new HARQ timing need be included in DCI. The HARQ resources of previous transmission can be wasted. Moreover, before HARQ feedback, gNB may not obtain the error CBG information caused by channel condition. The subsequent CBG-based re-transmissions are still required. Thus, CBG-based re-transmissions before or after HARQ feedback is not preferred. 
Proposal 2: CBG-based re-transmissions occur after HARQ feedback of previous transmission.
3. Pre-emption indication for downlink
The preemption indication, the granularity can base on time-domain, frequency-domain and CBG-domain.
(1) Time–frequency domain indication 

For a scheduling for eMBB service, time-domain scheduling granularity is usually based on a slot or aggregation of multiple slots, which is different from the granularity of the preempted URLLC transmission. The latter occupies shorter time durations. Time-domain indication can be symbol (group)/mini-slot (group)/slot granularity. Indication based on symbol (group) is similar to one based on mini-slot (group). In the case of mini-slot with length of 1 symbol, two methods are equivalent. Mini-slot (group) can be deemed as a superset of symbol (group). Compared with symbol (group), the indication with mini-slot (group) granularity can save signalling overhead, as shown in Fig.1(a). Generally, the number of mini-slots in a slot is smaller than the number of symbols. Contradictorily, the redundant retransmission can be introduced for mini-slot indication, for instance, data from symbol 6 and 8 is not impacted by URLLC in Fig.1(a).  
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Fig.1 symbol (group)/mini-slot (group) indication

(2) Frequency domain

Time-domain indication is suitable for larger frequency domain resource allocation of URLLC service. For example, in Fig.1(a) URLLC service of UE 2 occupies whole frequency resources region of eMBB UE 1. In this condition, time-domain indication is enough, e.g. indication of symbol (group)/mini-slot (group) number. If URLLC transmission occupies only part of frequency domain, e.g. in a wider system bandwidth, then the time domain indication is not sufficient, as shown in Fig.1(b). In this case, frequency domain indication can reduce the potential redundant retransmission. 
Frequency information with a finer granularity can require the fewer retransmission resources. The larger RBG size can be considered to reduce signaling overhead. For different UEs with different frequency resource allocations, indication granularity should be further studied. In Fig.1(c), UE 2 and UE 3 with different frequency resource allocation, it should be considered whether the same or UE-specific frequency domain indication is needed.
Proposal 3：Indication based on symbol (group) is supported. Frequency domain indication is supported. The larger RBG size can be considered to reduce signaling overhead.

For preemption indication, UE-specific DCI or common DCI can be considered. For UE-specific DCI, DCI size can be aligned to a ‘defined’ DCI size for data scheduling. This method does not increase the number of blind decoding. If common DCI is used, signaling overhead can be reduced because multiple UE can detect the same DCI. The frequency sub-band granularity can be used to indication of frequency range. As mentioned above, for the different frequency resources scheduling between UEs, correctly received data also can be flushed.         
Proposal 4: UE specific DCI or common DCI can be considered for preemption. DCI size can be aligned to a ‘defined’ DCI size.
4. Conclusion

In this document, we discuss pre-emption indication for downlink with the following proposals:
Proposal 1: UE behavior about CBG-based retransmission is specified as following

· If preemption indication is ‘no’, UEs conduct the soft-buffer/HARQ combination of CBGs of retransmission and previous transmission.  
· If preemption indication is ‘yes’, UEs buffer the retransmitted CBGs and discard the previous CBGs.
Proposal 2: CBG-based re-transmissions occur after HARQ feedback of previous transmission.
Proposal 3: Indication based on symbol (group) is supported. Frequency domain indication is supported. The larger RBG size can be considered to reduce signaling overhead.
Proposal 4: UE specific DCI or common DCI can be considered for preemption. DCI size can be aligned to a ‘defined’ DCI size.
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