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1 Introduction

At RAN1#91 meeting the pre-emption indication feature was finalized. At RAN1 AH1801, a few additional issues were discussed and left to further decision in RAN1#92:
· DCI format 2_1 size configurability including range, quantization, alignment with other DCIs

· Introduction of “non-preemptable” PDCCH/PDSCH to handle cases when UE monitors pre-empting transmission and pre-emption indication simultaneously
· Optimizations to minimize “false indication” / “ghost pre-emption” due to signalling constraints
The above listed issues are discussed one by one in subsequent sections 2-4 and summarized in section 5.
2 Size of Pre-emption DCI

The first open issue is the configurability of DCI size. The working assumption states that the size is configurable via RRC, however no any range of values was discussed. The minimum payload size for PI is 14 bit is bounded by the agreed signalling design for single carrier.
Proposal 1

· Confirm the working assumption that DCI format 2_1 payload size is configurable via RRC

· The minimum supported value of the RRC parameter configuring DCI format 2_1 payload size is 14 bit

In case of carrier aggregation scenario, the payload scales with the number of active carriers. E.g., if the number of configured carriers is C, the minimum payload size is 14·C. Since the total number of carriers to be served by single PI is in general unknown to a UE, there is no good way to implicitly derive the payload size from the number of carriers. Therefore, the maximum value may be either the maximum DCI format size (any other UE-specific or group-common DCI) or 14 multiplied by the maximum number of component carriers to be served by single PI. A too large number of supported carriers within one indication could lead to a huge DCI size that is not desirable for a group-common signalling which is supposed to be monitored by UEs with different channel conditions. A reasonable value C in this case may be limited by 4 carriers.
Proposal 2
· The maximum value of the RRC parameter configuring DCI format 2_1 payload size is 4 by 14, i.e. 56 bit
· That does not preclude size matching with other group-common or UE-specific DCI format by padding
3 Non-preemptable PDCCH/PDSCH

In one of previous contributions [1], it was highlighted that there may be a potential issue in the case when all the following conditions are fulfilled:

· Condition 1: a UE is configured with both long TTI & regular reliability (e.g. eMBB) and short TTI & high reliability (e.g. URLLC) services
· Condition 2: the UE is configured with monitoring of pre-emption indication (DCI format 2_1)
· Condition 3: the UE receives DCI which schedules pre-empting (i.e. URLLC) transport block. The PDCCH itself may or may not be a pre-empting signal
· Condition 4: the UE receives a pre-emption indication pointing to the resources scheduled by the DCI in condition 3.

In this scenario, if no additional behavior or signaling is introduced, the UE implementation may discard the scheduled URLLC PDCCH/PDSCH because of preemption indication. That is highly undesirable because of ultra-reliability objective of such transmissions. In order to avoid potential problems, additional signaling can be introduced to mark the CORESET candidates or DCIs configured for URLLC scheduling to be protected from application of pre-emption indication. For example, in that case, if such indication is received, then the UE should assume when scheduled via DCI in such a CORESET or PDCCH search space, the resources corresponding to the scheduled PDSCH cannot be preempted and thus should be excluded from calculation of corrupted resource elements marked by PI. Such indication may be either signaled dynamically in the scheduling DCI or configured by higher layers in association to PDCCH resources or candidates.

However, in current specification there is no UE behavior specified to apply preemption indication. In particular, there is no procedure of handling the resources being preempted before generation of a HARQ-ACK feedback especially given the agreed slot-level monitoring periodicities. That means, in a typical implementation UE has likely already processed the subject PDCCH/PDSCH upon PI reception. Nevertheless, it may also happen that PDSCH decoding fails and then UE may need to apply soft-combining in case of scheduled retransmission wherein it imprudently cleared the soft bits due to PI. Thus, some handling from specification perspective still may be beneficial for such UEs operating with both eMBB and URLLC.
In summary, the following alternatives are considered to resolve this issue:

· Alt.1: Configure semi-statically that particular PDCCH (DCI format or CORESET or search candidate(s)) is not subject to pre-emption indication. 

· Alt.2: Configure dynamically that particular PDCCH and scheduled PDSCH are not subject to pre-emption indication by 1 bit in the non-fallback DCI. Presence of the bit is either conditional to PI feature presence or configured independently in connection to support of URLLC services.

· Alt. 3: Let UE and gNB handle these issues by implementation accepting potential degradation for UEs operating with both URLLC and eMBB services.
Since alternatives 1 and 2 affect the baseline NR design (namely general DCI format and RRC configuration) those are highly undesirable in Rel.15 NSA specification. Alternative 3 may not also be a good option with introduction of such UEs operating with multiple services. Therefore, it is proposed that in current Rel.15 NSA there is no special handling of the issue but Rel.15 SA design until June 2018 is recommended to adopt one of the listed alternatives in a framework of NR URLLC.
Proposal 3
· “Non-preemptable“ PDCCH/PDSCH transmission option is specified in the framework of Rel.15 NR URLLC
4 False Indication
The “false indication” issue refers to the cases when coarse signalling granularity causes gNB to indicate regular non-corrupted resources as pre-empted that may in some cases degrade performance. In one example, such situation may happen if 2 slots periodicity is configured and the indication granularity {M,N} is set to {7,2} wherein the middle partition spans two slots. Thus, pre-emption in the end/start of one slot could always cause “false pre-emption” in the start/end of another slot (see in Figure 1).
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Figure 1. “False indication” in case partition spans two slots.
The illustrated problem may only be resolved by introducing a rule to partition RDR on uneven pieces. For example, to enlarge the partition in one slot and reduce in another in order to match slot boundary and partition boundary. That would also lead to increased “false indication” within the increased partition and statistically does not resolve the problem. Moreover, similar situations will still appear in many cases in frequency domain since currently supported frequency granularity is at best half of bandwidth part. In summary, the issue of “false indication” cannot be resolved by semi-static partition dimensioning and/or swapping without addition of signalling overhead which could potentially improve signalling granularity. In that sense, it is proposed to keep currently implemented RDR partitioning procedure unchanged in Rel.15.
Observation

· No gain is expected from uneven RDR partitioning without any additional signaling in DCI
Proposal 4
· No further optimizations to the reference DL resource partitioning are introduced
5 Conclusions

In this contribution, remaining details of PI DCI feature. Based on the discussion and analysis, we have the following proposals:
Proposal 1

· Confirm the working assumption that DCI format 2_1 payload size is configurable via RRC

· The minimum supported value of the RRC parameter configuring DCI format 2_1 payload size is 14 bit
Proposal 2

· The maximum value of the RRC parameter configuring DCI format 2_1 payload size is 4 by 14, i.e. 56 bit
· That does not preclude size matching with other group-common or UE-specific DCI format by padding

Proposal 3
· “Non-preemptable“ PDCCH/PDSCH transmission option is specified in the framework of Rel.15 NR URLLC
Observation

· No gain is expected from uneven RDR partitioning without any additional signaling in DCI

Proposal 4
· No further optimizations to the reference DL resource partitioning are introduced
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