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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In previous RAN1 meetings, one agreement on pre-emption indication for DL multiplexing of URLLC and eMBB were achieved:
	Agreements:
1. For DL CBG-based (re)transmission,
0. Following information can be configured to be included in the same DCI:
0. Which CBG(s) is/are (re)transmitted.
0. Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.
1. FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed.
0. FFS: timing of CBG-based (re)transmission.
1. For preemption indication;
1. When configured, the indication tells the UE(s) which DL physical resources has been preempted.
1. The preemption indication is transmitted using a PDCCH.
1. The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
1. FFS: the granularity of the time and/or frequency resources.
1. FFS: what DCI is used.
1. FFS: timing of the preemption indication.



In this contribution, we provide further considerations on indication design details. Pre-emption indication switch, indication position and indication content are discussed.
Discussion
Pre-emption indication switch
As discussed in the previous meetings, it has been shown that after URLLC pre-emption, indication improves eMBB decoding performance significantly. However, pre-emption will not happen in some band, e.g., in eMBB only band wherein gNB will not schedule URLLC UEs. As a result, the network should be able to switch on and off the pre-emption indication for eMBB UEs. At least for the eMBB UEs in eMBB only band. Whether a band is eMBB only band or co-existence band will not change in every TTI, so the configuration of indication will not change in TTI level. Thus, RRC signaling can be used to configure indication to eMBB UE.
Proposal 1: Pre-emption indication is configured by RRC signaling semi-statically.
[image: ]
Figure 1 eMBB only and co-existence sub-band
Indication granularity
It has been agreed that indication tells the UE(s) which DL physical resource has been preempted. The next step is to decide the time/frequency granularity of the indication.
1. Time domain: the purpose of indication is to tell UE(s) the resource preempted by URLLC. It is straight forward to use URLLC transmission interval as the time domain granularity for indication. Each URLLC transmission should be scheduled within a slot, so every preempted resource in time domain is one or a multiple of URLLC transmission interval. URLLC transmission interval is fine enough in time domain for indication. In addition, eMBB UE should be configured to monitor preemption indication every x slot(s), where x is eMBB UE’s DCI monitoring periodicity. When preemption occurs within the previous period of time, the indication is sent, notifying which resources are preempted within the previous period of time. Otherwise, the indication is not sent.
Observation 1: URLLC transmission interval as time domain preemption indication granularity is sufficient.
Proposal 2: Use URLLC transmission interval as time domain preemption indication granularity.
Proposal 3: UE is configured to monitor preemption indication every x slot(s), where x is UE’s DCI monitoring periodicity.
2. Frequency domain: Course granularity can reduce the overhead of indication but will degrade decoding performance as some of the non-preempted data may also be flushed in UEs’ buffer. For example, if only few RBs of an eMBB UE are preempted within a URLLC transmission interval, notifying the eMBB UE to flush all RBs within that interval is not necessary. Some level of frequency domain granularity would be helpful to recover the performance loss caused by preemption. Link level simulation results in Figure 2 are provided to compare the data throughput considering different frequency domain granularities. For all simulations, time domain granularity is URLLC transmission interval. The eMBB transmission BW is 20MHz in the simulation. Preempted part = 1/x BW means the granularity of pre-emption is 1/x of the eMBB BW. Indication granularity = 1/y means the frequency domain granularity of indication is 1/y of eMBB BW. The detailed simulation assumptions can be found in table 1. In the results, we see gains of 1/2 BW granularity over all RBs within URLLC interval is over 20%, while additional gains from 1/3 BW over 1/2 BW is very marginal. Therefore, we have the following observation:
Observation 2: Frequency domain granularity around 1/2 eMBB BW provides gains over whole eMBB BW, however further gains from finer frequency domain granularity are marginal.

Figure 2 Indication in various frequency domain granularities
Table 1	Link level simulation assumptions
	Bandwidth
	20MHz

	Subcarrier space
	15kHz

	URLLC TTI
	2 symbol

	eMBB TTI
	14 symbol

	Rank
	1

	Tx/Rx
	2X2

	Channel Model
	TDL-C 300ns

	Max HARQ
	4

	Pre-emption granularity
	1/3 of BW

	Indication granularity
	1, 1/2, 1/3 of BW



Indication structure
Common indication and UE-specific indication are two candidates in pre-emption indication. In the last meeting agreement, indication content is preempted physical resource in which case we prefer common indication. Common indication includes common indication for whole cell and group common indication. In NR, the whole band may contain different numerologies and different TTI length. For eMBB with different TTI length, the indication will be sent in different time and frequencies. Group common indication is more effective for each group of eMBB UEs having same numerology or in same sub-band, BW parts. 
Proposal 4: Group common DCI is used to carry pre-emption indication information.
For either group common indication or UE-specific indication, adding pre-emption information into the DCI would potentially increase the blind detection attempts. If preemption indication information can be introduced into a DCI without adding the payload size of the existing ones, blind detection cost can be reduced. 
Observation 3: Blind detection cost can be reduced if no additional payload size of DCI is introduced due to the introduction of pre-emption indication.
Downlink RS/control handling when preemption occurs
In NR, downlink RS including DMRS and CSI-RS, and downlink control channels are important for all UEs. When URLLC transmission is scheduled, it can always avoid preempting the front-loaded control channel and DMRS from eMBB UEs by scheduling. So avoiding other UEs’ DMRS might be considered as an implementation issue when scheduling URLLC. For some eMBB UEs, however, additional DMRS may be transmitted for better channel estimation performance. Scheduling the URLLC UE to avoiding both DMRS and additional DMRS may be costly as the remaining scheduling opportunity for URLLC is limited. In addition, only a part of users needs additional DMRS. Considering the fact that eMBB UE can decode data without additional DMRS, preempting additional DMRS may be acceptable. If additional DMRS can be preempted, eMBB UE can determine whether the additional DMRS is preempted based on pre-emption indication.
[bookmark: _GoBack]Observation 4: Additional DMRS can be notified to be preempted by preemption indication.
NR needs to decide whether the CSI-RS can be preempted by URLLC. In LTE, gNB could use RRC to configure the pattern of CSI-RS to UEs which do not need to receive CSI-RS to avoid the confliction with CSI-RS. Thus, if CSI-RS is configured not to be preempted, URLLC users can get the CSI-RS pattern by RRC. Furthermore, the CSIRS information can be delivered to URLLC users via a dynamic signaling, for example via the scheduling DCI of URLLC traffic. The overhead of dynamic signaling would be against the principle of compact URLLC DCI and, in consequence, possibly damaging the reliability of URLLC DCI.
If CSI-RS is configured to be able to be preempted, eMBB should know whether the CSI-RS is preempted to avoid using URLLC data to generate CSI information. Pre-emption indication in common DCI is useful to indicate this information. eMBB UE can identify whether the CSI-RS is preempted via pre-emption indication.
As discussed above, considering the number of symbols carrying RS patterns may not be small, the scheduling opportunity of URLLC would be very limited, if a gNB need to schedule URLLC to avoid all of those downlink RS. RAN1 may need to further clarify when gNBs schedules URLLC traffic, which RS can be preempted, and which cannot. How do eMBB users identify whether their additional DMRS/CSI-RS is preempted or not may need to be discussed. Thus, preemption indication carried by common DCI would be necessary. When CSI-RS could be preempted, eMBB UE will identify whether the CSI-RS is preempted via pre-emption indication.
Observation 5: If CSI-RS can be preempted, preemption indication carried by common DCI could help users to identify whether their CSI-RS is polluted.
Proposal 5: RAN1 needs to further clarify whether gNB can always schedule URLLC traffic away from downlink RS, e.g. additional DMRS/CSIRS.
For control channels of eMBB, they are not desired to be preempted by URLLC traffic. As preemption indication is also part of the control channels of eMBB, it should also be protected.
Proposal 6: Preemption indication should not be pre-empted by another downlink transmission.
Conclusion
In this contribution, the following observations are made:
Observation 1: URLLC transmission interval as time domain preemption indication granularity is sufficient.
Observation 2: Frequency domain granularity around 1/2 eMBB BW provides gains over whole eMBB BW, however further gains from finer frequency domain granularity are marginal.
Observation 3: Blind detection cost can be reduced if no additional payload size of DCI is introduced due to the introduction of pre-emption indication.
Observation 4: Additional DMRS can be notified to be preempted by preemption indication.
Observation 5: If CSI-RS can be preempted, preemption indication carried by common DCI could help users to identify whether their CSI-RS is polluted.
And we have the following proposals:
Proposal 1: Pre-emption indication is configured by RRC signaling semi-statically.
Proposal 2: Use URLLC transmission interval as time domain preemption indication granularity.
Proposal 3: UE is configured to monitor preemption indication every x slot(s), where x is UE’s DCI monitoring periodicity.
Proposal 4: Group common DCI is used to carry pre-emption indication information.
Proposal 5: RAN1 needs to further clarify whether gNB can always schedule URLLC traffic away from downlink RS, e.g. additional DMRS/CSIRS.
Proposal 6: Preemption indication should not be pre-empted by another downlink transmission.
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