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1. Introduction

According to RAN2 #101bis agreement, RAN2 agreed that the monitoring of INT-RNTI is controlled by DRX, if DRX is configured. It means UE would only monitor PDCCH addressed to INT-RNTI during Active Time of DRX to reduce UE’s power consumption. The reasons from companies are:
1. INT-RNTI is only used in conjunction with actual DL data transmission; and

2. drx-InactivityTimer can cover the delay between DL assignment and the corresponding PDCCH addressed to INT-RNTI (i.e. pre-emption indication).
RAN2 #101bis agreement

1. The monitoring of INT-RNTI is controlled by DRX, if DRX is configured.
2. The monitoring of SFI-RNTI is controlled by DRX, if DRX is configured.
3. The monitoring of SP-CSI-RNTI is controlled by DRX, if DRX is configured.
However, we observed drx-InactivityTimer could not cover all the cases of possible pre-emption indication based on the current design. This document is to briefly introduce the mechanism of pre-emption indication (PI) and to address an issue for monitoring INT-RNTI based on DRX operation. Furthermore, we propose a solution and provide a CR in R2-1815237 [3].
2. Discussion

2.1 Introduction of Pre-emption Indication (PI)
In NW’s point of view, how to multiplex different services with different requirements in an efficient way needs to be considered. One way is via a FDM (frequency division multiplexing) manner. NW can schedule services with different QoS requirements on different frequency resources. But, it may encounter a problem that there are no available and/or no sufficient frequency resources for some services. For example, delay-sensitive services (e.g. URLLC) may be transmitted on resources with a higher SCS which may occupy much more frequency resources to meet the latency requirement. In some situation (e.g. narrow system bandwidth, much more delay-tolerable services relative to delay-sensitive services), multiplexing services with different QoS requirements in FDM manner is not suitable. One way is via a TDM (time division multiplexing) manner. NW can schedule different services at different times. However, considering delay-sensitive services, waiting for the next transmission occasion in TDM manner may not satisfy requirement of the delay-sensitive services. Hence, allowing a delay-sensitive service to prioritize over a delay-tolerable service is considered. For example, when data of a delay-sensitive service arrives, NW can prioritize to schedule the delay-sensitive service on resources which have been scheduled for delay-tolerable services. Surely, it may puncture data or information on the resources already scheduled for delay-tolerable services. 

Accordingly, the concept of pre-emption indication (PI) is introduced. NW can indicate PI (via PDCCH addressed to INT-RNTI) to UEs with delay-tolerable services in order to compensate reception performance of retransmission. In case a UE is configured to monitor group common PDCCH for receiving PI. The received PI can assist the UE to drop and/or ignore partial of transmission impacted by delay-sensitive services which may be scheduled for other UE(s). Considering retransmission with chase combining, dropping and/or ignoring impacted partial of the previous/first transmission can improve the decoding performance. PI is carried by a group common PDCCH and is transmitted periodically. Whether to transmit PI is decided by NW.
2.2 DRX operation for monitoring PI
If DRX is configured, when in RRC_CONNECTED, the UE could monitor the PDCCH discontinuously using the DRX operation; otherwise the UE should monitor the PDCCH continuously (e.g. when the UE is in Active Time). If a UE monitors a PDCCH indicating a new transmission successfully, the UE will start or restart drx-InactivityTimer. While the drx-InactivityTimer is running, the UE is in Active Time. In addition, the PDCCH/DCI includes a field (i.e. Time domain resource assignment) for indexing K0 to indicate a time interval between a DL assignment and the corresponding DL data reception. 
In order to drop the partial of transmission which was re-scheduled for other delay-sensitive UE, NW may indicate a PI  to puncture the previous DL data transmission for the UE on the next PI occasion after the DL data transmission.  The PI occasion is a PDCCH occasion for monitoring INT-RNTI. The PI occasion could be derived based on the IE SearchSpace [2] by the UE.
However, drx-InactivityTimer may not always cover the delay between DL assignment and the PI occasion for the corresponding DL data transmission. Because the length of drx-InactivityTimer may be shorter than the length of K0. The values for K0 could be {0, 1, 3, 4, 5, 6, 7, 8, 10, 16, 20, 32} slot [2], and the configuration for drx-InactivityTimer could be 0 ms to 2560 ms [2]. It is possible that the drx-InactivityTimer expires before the occasion of PI for the corresponding DL data transmission. An example is illustrated in Figure 1. Thus, the UE would not stay in Active Time and then could not monitor the possible PI. If the PI could not be received, decoding performance for the corresponding DL data transmission will be impacted.
PDSCH-TimeDomainResourceAllocation ::= 
SEQUENCE {


k0









INTEGER(0..32)





OPTIONAL,
-- Need S


mappingType







ENUMERATED {typeA, typeB},


startSymbolAndLength




INTEGER (0..127)

}

drx-InactivityTimer




ENUMERATED { ms0, ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60, ms80, ms100, ms200, ms300, ms500, ms750, ms1280, ms1920, ms2560, spare9, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1},
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Figure 1: Issue of monitoring PI (PDCCH addressed to INT-RNTI)
On the other hand, when the UE receives a DL assignment which indicates a DL retransmission, the UE will not start or restart drx-InactivityTimer, so the UE may not stay in Active time to monitor the possible PI. The third case is for DL SPS. Since drx-InactivityTimer will also not be started or restarted for a DL SPS data transmission, the same problem will occur.
Observation 1: Several cases could not be covered by drx-InactivityTimer to monitor the possible pre-emption indication (i.e. PDCCH addressed to INT-RNTI) for the corresponding DL data transmission. For example: 
· DL new transmission: If the length of drx-InactivityTimer is shorter than the length of K0.
· All the DL retransmission 
· All the DL SPS
Observation 2: If pre-emption indication (s) could not be received, decoding performance for the corresponding DL data transmission will be impacted.

Since UE should only wake up to monitor the possible PI after each DL data transmission. The simplest and power saving solution is to add a new Active Time event of DRX for monitoring the possible INT-RNTI. For example, as shown in Figure 2, when DRX is configured, the Active Time includes the time while on next occasion of PDCCH addressed to INT-RNTI after each slot of DL transmission (e.g. DL new transmission, DL retransmission, and/or DL SPS). As a result, it could make sure that UE has opportunity to receive the possible PI as well as to avoid unnecessary power consumption.
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Figure 2: Proposed solution
Proposal 1: When DRX is configured, the Active Time includes the time while on next occasion of PDCCH addressed to INT-RNTI after each slot of DL transmission (e.g. DL new transmission, DL retransmission, and/or DL SPS).
Proposal 2: It is suggested to adopt the text proposal in R2-1815237 [3].
3.
Conclusion

In the conclusion, we have the following observations and proposals.
Observation 1: Several cases could not be covered by drx-InactivityTimer to monitor the possible pre-emption indication (i.e. PDCCH addressed to INT-RNTI) for the corresponding DL data transmission. For example: 

· DL new transmission: If the length of drx-InactivityTimer is shorter than the length of K0.

· All the DL retransmission
· All the DL SPS
Observation 2: If pre-emption indication (s) could not be received, decoding performance for the corresponding DL data transmission will be impacted.
Proposal 1: When DRX is configured, the Active Time includes the time while on next occasion of PDCCH addressed to INT-RNTI after each slot of DL transmission (e.g. DL new transmission, DL retransmission, and/or DL SPS).
Proposal 2: It is suggested to adopt the text proposal in R2-1815237 [3].
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