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Introduction
NR supports the multiplexing of services with different latency constraints within the same time interval. For instance, given a first data transmission on a long TTI (e.g. eMBB), a second data transmission (e.g. URLLC) may be scheduled over a shorter TTI and on physical resources already assigned to the first transmission. For DL scheduling, this implies that the first transmission is punctured in part by the second transmission. To increase the likelihood of successfully decoding the punctured transmission the following details were agreed at the RAN1 #88 and #88bis meetings,
Agreements:
· Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding
· FFS details 
· Indication can be dynamically signaled to a UE, whose assigned downlink resources have  partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding  of the TB(s) transmitted within the above mentioned assigned resource
· The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB
· No new physical channel specific for indication of DL resources being preempted by another DL transmission is introduced 
· FFS whether the indication is based on NR-PDCCH or a group common PDCCH
· FFS location of the indication
· FFS timing of the indication

Furthermore, CBG-based HARQ transmission with single/multi-bit HARQ-ACK feedback shall be supported in Rel-15, where only CBGs contained in a TB of the same HARQ process can be (re)transmitted. This contribution discusses possible solutions that combine CBG-based transmission and pre-emption indication to improve reliability when multiple DL data transmission durations (TTIs) are multiplexed within the same time interval. A summary of our views is also presented in a related email discussion to be presented at this meeting [1].
Discussion
In order to meet a latency target, a newly arriving DL data packet for a second UE may be scheduled in physical resources already assigned to a first UE, i.e. the first transmission is punctured. The punctured physical resources will be at the OFDM symbol level and affect one or more CBs of the first UE’s transmission. The victim UE may be provided an indication of the punctured resources. Transmission of pre-emption indication, the level of indication (CBG-level, symbol level etc) and its timing with respect to the punctured transmission have been extensively discussed at previous RAN1 meetings.
Regarding the channel for conveying pre-emption indication the candidates include the NR-PDSCH, NR-PDCCH or the group-common PDCCH (if a different channel structure is introduced compared to the NR-PDCCH). The group common PDCCH would allow indication of impacted physical resources to all UEs regardless of whether or not they were scheduled in that slot. However, if puncturing occurs at multiple locations e.g. when multiple URLLC transmissions are scheduled within the same slot, the resource allocation overhead may not be acceptable. Pre-emption indication should therefore be unicast signaling. 
Proposal 1: unicast signaling is supported for pre-emption indication.

Transmission in the NR-PDCCH is a natural choice for pre-emption indication. To minimize the DL signaling overhead, indication of impacted resources can be combined with CBG-based transmission. As described in [2] a DCI scheduling a retransmission of the same TB can indicate which CBGs are contained in the retransmission. 
Implicit indication may be possible if a PDCCH scheduling a retransmission can be sent before the scheduled HARQ-ACK feedback timing. Specifically, if a UE detects a PDCCH scheduling a transmission of a subset of CBGs from a previous transmission before the scheduled HARQ-ACK feedback of that previous transmission, the UE may assume that the indicated CBGs were not transmitted. It is up to UE implementation whether or not to combine soft buffer data corresponding to these CBGs with the current transmission before decoding. A limitation occurs when the punctured transmission is not the first HARQ transmission of the same TB. Thus, if the UE combines corrupt data in a current transmission with data already in the buffer (e.g. an earlier failure was due to poor channel and/or inter-cell interference conditions) the decoding may fail. Subsequent retransmissions may not recover the TB as the buffer has been corrupted.
Alternatively, an explicit pre-emption signal is sent informing the UE to flush the soft buffer of corrupted resources corresponding to punctured data. If the indication is sent before decoding the punctured transmission, the UE may set the LLR bits to zero (i.e. equally likely probabilities of ‘0’ or ‘1’) and increase the chances of successful decoding. Performance results in e.g. [3] validate this scheme, where it is shown that significant degradation occurs for low MCS, when one or two CBs are contained in the TB. One reason for the degradation shown in [3] is that the coding gain more than compensates for the performance loss incurred by not performing an a posteriori soft detection of the punctured bits. On the other hand, this observation may not hold true for a more typical eMBB scenario using a higher MCS or equivalently a higher coding rate. In this case the coding gain may not compensate for the performance loss of assuming equally likely bit values. 
A proposed solution for early explicit or implicit pre-emption indication is that a UE is configured to monitor for downlink control signaling containing a pre-emption indication before the HARQ-ACK feedback timing of the punctured transmission [4]. The rationale behind this proposal is that the UE could delay decoding of a transmission until the pre-emption indication is received. While this seems feasible, there are several problems with this approach:
· It mandates a particular receiver implementation where the UE delays data decoding until the pre-emption indication is received. This goes against the NR design principle of fast processing to allow early HARQ-ACK feedback. Alternatively, the UE can re-decode already decoded data once the pre-emption indication arrives. However, these solutions all fall within the realm of UE implementation that need not be specified.
· It also mandates a specific gNB scheduling timing where the scheduler has to send feedback before the HARQ-ACK timing. This may not be possible in many practical scenarios and it is definitely not feasible for so-called self-contained slot transmissions with very short turn-around HARQ-ACK times.
· Lastly, we consider a simple scenario to investigate the feasibility of this approach. Figure 1 depicts an example scenario where the third symbol of a PDSCH transmission in slot n is punctured by a second transmission of shorter duration. The PDCCH scheduling the first transmission is the first symbol of the slot while the PDSCH DMRS is mapped to the second symbol (i.e. the first PDSCH symbol) to facilitate pipelined processing at the receiver. An idealized timeline for per-symbol pipelined processing is also shown in Figure 1. Even with this most optimistic timeline, which at best can be implemented by a very small percentage of UEs, it can be seen that the processing of the third PDSCH symbol is long finished before a pre-emption indication can be received in the next slot. 
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[bookmark: _Ref480890841]Figure 1 Illustration of pipelined processing at victim UE where the third PDSCH symbol is punctured by a different transmission
Therefore, there is no need to mandate specific HARQ-ACK feedback timing for pre-emption indication. It should be sufficient to provide pre-emption indication as soon as it can be scheduled and leave to the UE how to make use of this information. 

Proposal 2: 
· The timing of the pre-emption indication is up to gNB implementation.
· Specification should not mandate a specific decoding behaviour in response to a pre-emption indication

It is worth noting that nothing prevents the gNB from configuring all UEs to monitor for control channel candidates with a granularity that satisfies the most stringent latency requirements. This need not be over the entire system bandwidth and it can be dimensioned taking into account the power consumption for increased control channel monitoring. This approach would allow flexible scheduling of data transmission durations (TTI) that avoid puncturing. 

Observation: multiplexing of UEs or services with different latency requirements in the same frequency region can be achieved by configuring a common time scale for monitoring the control channel.

Other details for pre-emption indication
From the preceding discussion it was shown that implicit pre-emption indication works only if the indication is received before the scheduled HARQ-ACK timing of the impacted transmission. Other solutions including enhancements to implicit signaling can be considered while striving for minimum DL signaling overhead. 

When CBG-based transmission is configured, it is proposed in [2] that the DCI contains a CBG indication field informing the UE of which CBGs of a TB are contained in the present transmission. On the other hand the pre-emption indication informs the UE which resources where impacted in a previous transmission of the same TB.  

1) Option 1: a single pre-emption indication bit can be added to DCI scheduling a retransmission. This bit indicates whether the UE should flush some part of the data currently stored in the soft buffer before combining with the retransmitted data. It is left to UE implementation how to identify the corrupted part of the soft buffer. One possible solution was mentioned in [5] and can be further studied. 

2) Option 2: when CBG-based transmission is configured with a CBG indication field in the DCI, an additional M-bit pre-emption indication can be added to the DCI to indicate which parts of the soft buffer should be flushed before combining with the current data. The signaling overhead for this scheme is significant as it scales with the number of CBGs.

3) Option 3: rather than increase DL signaling overhead both CBG indication and preemption indication can be piggybacked with data in the PDSCH region as described in [2]. 

Of these possibilities our preference would be to further consider Option 1 or Option 3.

Proposal 3: consider either single bit pre-emption indication in the DCI scheduling a retransmission or multiplexing the pre-emption indication with the retransmitted data in the PDSCH region. 

Conclusion
This contribution discussed signaling mechanisms for pre-emption indication when one DL transmission punctures a part of an active DL transmission. The observations and proposals are summarized as follows
Proposal 1: unicast signaling is supported for pre-emption indication.
Proposal 2: 
· The timing of the pre-emption indication is up to gNB implementation.
· Specification should not mandate a specific decoding behaviour in response to a pre-emption indication
Observation: multiplexing of UEs or services with different latency requirements in the same frequency region can be achieved by configuring a common time scale for monitoring the control channel.
Proposal 3: consider either single bit pre-emption indication in the DCI scheduling a retransmission or multiplexing the pre-emption indication with the retransmitted data in the PDSCH region.
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