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Introduction
In RAN1#90bis, the following agreements were made on the pre-emption indication (PI) monitoring timing [1].
· The time duration of the reference downlink resource for pre-emption indication equals to the monitoring periodicity of the group-common DCI carrying the pre-emption indication 
· In TDD, at least the semi-statically configured UL symbols are excluded from the reference downlink resource
· Note: This means the reference downlink resource only includes the DL or unknown symbols given by semi-static configuration within the semi-statically configured time duration of the reference downlink resource.
· FFS for the handling of reserved resource especially at RE level
The following agreements were made on the content of the group-common DCI carrying the DL preemption indication [1].
· A fixed payload size (excluding CRC and potential reserved bits) of the group-common DCI carrying the downlink pre-emption indication (PI), in the format of a bitmap is used to indicate preempted resources within the semi-statically configured DL reference resource
· The bitmap indicates for one or more frequency domain parts (N>=1) and/or one or more time domain parts (M>=1)
· There is no RRC configuration involved in determining the frequency or time-domain parts
· The following combinations are supported and predefined {M, N} = {14, 1}, {7, 2}
· A combination of {M,N} from this set of possible {M,N} is indicated 1bit by RRC configuration for a UE
[bookmark: _GoBack]And the following agreement were made on maintaing HARQ timeline [1].
· The HARQ timeline for a PDSCH transmission is not affected by preemption indication.
In this contribution we discuss the remaining issues on preemption indication especially regarding the monitoring aspects of the group common DCI, UE behavior upon the reception of preemption indication, and the bitmap configuration indicating the preempted DL resources within the reference T/F region.
Discussion
On group common DCI for pre-emption indication
On PI monitoring periodicity, RAN1 has reached the following agreement in RAN1#90bis [1]:
	· For minimum monitoring periodicity of pre-emption indication:
· At least slot level monitoring periodicity of preemption indication is supported
· FFS to additionally support other cases (e.g. non-slot level monitoring)



Companies have agreed to support slot level monitoring periodicity whereas it is still open whether non-slot level monitoring should be supported. The preemption indication is targeted for eMBB UEs on slot duration and the preemption is caused by URLLC transmission with shorter durations. Hence it is unclear what benefits would be achieved by the mini-slot monitoring support. Adding the mini-slot level monitoring for PI also leads to increased eMBB UE complexity and additional control overhead.
Proposal 1:  Minimum monitoring periodicity at mini-slot level for PI is not supported in Rel-15.
Also the time positon of the group common DCI carrying pre-emption indication has not been agreed yet. Since the indication can only be made after the preemption itself occurs there are in fact two viable options for the time position: either at the end of the current preempted slot or at the beginning of the successive slot following the preemption. 
Since RAN1 has confirmed that the HARQ timeline will not be impacted [1], positioning the indication at the end of the preemption slot can equip UE with relatively longer time to react, e.g., to attempt re-decoding however such gain is very small with 1 or 2 symbols longer only. In this option the PI can only be positioned at the last symbol of the slot, otherwise the preemption that occurs at the end of the slot cannot be indicated. Positioning the PI indication at the end of the slot would require either a dedicated CORESET for the PI or further preemption of the eMBB data to transmit the PI, both solutions are not desirable because of the control overhead increase and the eMBB performance degradation resulting from the further pre-emption. Another disadvantage with this option is the increased UE blind decoding attempts. UE needs to check if any group-common DCI preempts the last symbol of its eMBB data and this will increase the control processing and blind decoding complexity. What is more, if the URLLC preemption occurs at the last symbol of the slot and the corresponding PDSCH symbol of eMBB UE is preempted across the whole scheduled PDSCH, the indication will collide with the URLLC data in which case the PI maybe dropped leading to eMBB performance degradation.

Observation 1: Positioning the preemption indication at the end of the preempted slot will potentially cause further disruptions for the eMBB transmission and increases the eMBB UE decoding complexity.

If the preemption indication is positioned at the beginning of the slot following the preemption, the corresponding group-common DCI search space can be configured in the CORESET that contains the scheduling DCI for slot-based scheduling at the cost of a relatively small additional delay of 1 to 2 OFDM symbols. 
Proposal 2: Group common DCI for pre-emption indication is positioned at the beginning of the next slot.
	
Regarding the use of RNTI for the group-common DCI for PI in relation to the group common DCI for SFI, we prefer that the same payload size is used for both DCIs and they can be distinguished by RNTI when located within the same search space. Using the same payload size can help reduce UE blind decoding complexity. 

Proposal 3: Group common DCI for pre-emption indication and group common DCI for SFI shall use the same payload size and distinguished by RNTI.

UE behavior upon preemption indication
Some companies have expressed opinions on supporting PI as a default feature in Rel-15 irrespective of UE capabilities [2]. Related to the UE behavior, it has been already agreed in RAN1#90b that the HARQ timeline (ACK/NACK feedback time) is not affected by the PI: 
· The HARQ timeline for a PDSCH transmission is not affected by preemption indication. 

Furthermore, during the NR SI phase (RAN1#88), the following agreement has been made
· 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

Therefore, the PI was identified as way of improving the likelihood of successful demodulation and decoding of both the preempted TB(s) and the subsequent re-transmissions of the same TB(s). However, no specific UE behavior was mandated following the reception of the PI. In order to decide on a suitable UE behavior upon PI reception, the feasibility of such a UE behavior and the impact on the complexity has to be discussed.
In terms of behavior, the following points can be considered:
Re-decoding: Figure 1 shows the timeline for the PI and UE processing, although theoretically the PI can be taken in account if K1≥ N1+PI_delay, but in practice, processing the PI and re-decoding the impacted CB requires a processing power that is not available since the eMBB UE processing pipeline is busy processing the following slots. Few companies have suggested that the UE may take in account the PI if the UE hasn’t yet attempted decoding the preempted data, such a behavior is difficult to translate in practice, first because the decoding pipeline includes several stages such as, DCI decoding, RE to LLR demapping, de-interleaving, soft bit handling and LDPC decoding, and trying to fit the PI related processing within an ongoing slot decoding may result into a large disturbance to the UE, in addition even if such a behavior is possible in certain cases it will still mean that the preemption happening at the beginning of the slot may be treated differently from those happening at the end of the slot making the specification and testing of such a behavior extremely difficult. 
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[bookmark: _Ref498684562]Figure 1: Timeline for flushing corrupted LLRs and attempting re-decode

Translation of RE T/F positions into HARQ soft bit positions: In order to take in account the PI, the UE need to translate the RE T/F positions to HARQ soft bits position using at least the following information from the preempted PDSCH transmission:
· Resource allocation (time, frequency)
· Number of layers
· DMRS position
· TB size
· Modulation
· BG1/BG2
· RV
· Bit-level Interleaver
· Punctured RE (for CSI-RS,…)
Therefore, in order to translate the RE positions to buffer soft bits positions, the UE needs to retain the DCI information and the configurations parameters of the previous PDSCH transmission(s) and to perform a significant processing, similar to the initial PDSCH de-mapping in complexity, which makes the re-decoding behavior in Figure 1 even more difficult to perform.
Observation 2: To guarantee that the PI is taken in account in the ACK/NACK of the preempted transmission, a dedicated processing power for the PI is required.
Proposal 4: Taking in account the PI for the ACK/NACK of the preempted transmission shall be left to the UE implementation with no specification requirement.

Flushing versus removing the preempted transmission corrupted LLRs: as can be seen in Figure 1, by the time the PI is received the processed LLRs which were corrupted by the preemption would have been already combined with the previous transmissions accumulated soft bits. Therefore in order to remove only the corrupted LLR, the UE has to double the soft buffer size to store the pre and post combining versions. Such a requirement is too costly, while the alternative of flushing the accumulated soft bits impacted by the preemption will still provide the correct behavior for initial transmissions where the previous soft buffer version is empty. Considering a BLER target of 10%, the flushing behavior would in this case provide most of the gain of the PI with no soft buffer size increase.

Observation 3: Flushing behavior has similar performance to removing the preempted transmission corrupted LLR transmission without increase in the soft buffer size requirement.

Soft bits handling: even after translating the RE T/F positions into soft buffer position, handling the corresponding bits is relatively complex, the main reason is due to the design of the NR bit interleaver that distribute the bits in the soft buffer as can be seen in Figure 2.
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[bookmark: _Ref498693188]Figure 2 Bit interleaver (top) and bit-address in the HARQ soft buffer (bottom) for 256QAM

Although it is very difficult for the UE to take in account the PI for the ACK/NACK of the preempted transmission, however the UE can still translate the PI into indication of which part of the soft buffer has to be flushed before combining the next HARQ retransmission. However, given that it is complex to handle the soft buffer at the bit level, it preferable to use the PI to derive CB level flushing information. In this case each of the UEs that were impacted by the preemption, can use the PI to derive the CBs that were impacted and flush the corresponding part of the soft-buffer. We call this derived information CB flushing information (CBFI). The advantages of using the PI to derive the CBFI is that the CBFI has better granularity than the CBGFI hence better performance gain. Also the PI is only sent when required and common to multiple users while the CBG feature is UE specific and is present all the time, therefore the control overhead of the PI is smaller than the CBG feature overhead.

Observation 4: Using the PI to derive CB level flushing information has better granularity than the CBGFI feature and less control overhead.
Proposal 5: Support using the PI to derive per user CB-level flushing and the corresponding UE CB-level flushing behavior.
Proposal 6: Any further UE actions regarding the handling of the preempted symbols shall be left to UE implementation.
On T/F region of reference DL resource
In the last RAN1 meeting, the following agreement was reached about the frequency region of the reference resources [1]. 

	· No consensus to introduce an explicit RRC configuration for frequency region of the reference downlink resource for pre-emption indication in Rel-15
· (working assumption) the frequency region of the reference downlink resource for pre-emption indication is the active DL BWP



If the frequency region of the reference resource is the active DL BWP, there is a possibility that false preemption indication may occur in case different eMBB UEs have only partially overlapping regions. Consider that UE-1 and UE-2 are configured with BWP-1 and BWP-2 respectively, and there is a preemption on only BWP-1. If the preemption indication is positioned on the overlapping region of BWP-1 and BWP-2, all the UEs configured with BWP-2 will incorrectly assume a preemption on BWP-2 (Figure 4).


[image: ]
Figure 4 Preemption indication on overlapping BWPs 
However avoiding this issue does not require separating the active DL BWP to define the frequency region of the reference downlink resource. The handling of the issue can be left to network implementation. For example, network can configure the search space for PI on a non-overlapping region of the BWP. Alternatively, network can also configure a {7, 2} format PI bitmap by RRC if the preemption on BWP-1 occurs on only one half of its whole frequency region.
Therefore, we propose that RAN1 confirms the working assumption that the frequency region of the reference downlink resource for pre-emption indication is the active DL BWP. 
Proposal 7: Confirm the working assumption that the frequency region of the reference downlink resource is the active DL BWP.

Conclusions
We have made the following observations:

Observation 1: Positioning the preemption indication at the end of the preempted slot will potentially cause further disruptions for the eMBB transmission and increases the eMBB UE decoding complexity.
Observation 2: To guarantee that the PI is taken in account in the ACK/NACK of the preempted transmission, a dedicated processing power for the PI is required.
Observation 3: Flushing behavior has similar performance to removing the preempted transmission corrupted LLR transmission without increase in the soft buffer requirement.
Observation 4: Using the PI to derive CB level flushing information has better granularity than the CBGFI feature and less control overhead.

We have made the following proposals:

Proposal 1:  Minimum monitoring periodicity at mini-slot level for PI is not supported in Rel-15.
Proposal 2: Group common DCI for pre-emption indication is positioned at the beginning of the next slot.
Proposal 3: Group common DCI for pre-emption indication and group common DCI for SFI shall use the same payload size and distinguished by RNTI.
Proposal 4: Taking in account the PI for the ACK/NACK of the preempted transmission shall be left to the UE implementation with no specification requirement.
Proposal 5: Support using the PI to derive per user CB-level flushing and the corresponding UE behavior.
Proposal 6: Any further UE actions regarding the handling of the preempted symbols shall be left to UE implementation.
Proposal 7: Confirm the working assumption that the frequency region of the reference downlink resource is active DL BWP.
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