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1 Introduction

In RAN1#90b [1], following agreements were achieved for the pre-emption indication. 

Agreements:
· 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

Agreements:
· 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

In RAN1#AH-NR3 [2], following agreements were achieved for BWP. 

Agreement: 

· In Rel-15, for a UE, there is at most one active DL BWP and at most one active UL BWP at a given time for a serving cell

Agreements:

· For each UE-specific serving cell, one or more DL BWPs and one or more UL BWPs can be configured by dedicated RRC for a UE

· FFS association of DL BWP and UL BWP

· FFS definition of an active cell in relation to DL BWP and UL BWP, whether or not there are cross-cell/cross-BWP interactions

Agreements:

· NR supports the case that a single scheduling DCI can switch the UE’s active BWP from one to another (of the same link direction) within a given serving cell

· FFS whether & how for active BWP switching only without scheduling (including the case of UL scheduling without UL-SCH)

This contribution discussed remaining details of the group common PDCCH carrying PI. 
2 Discussion
According to the latest agreements, the indicated bitmap is interpreted within a specific BWP which implies that a PI can only be shared by UEs with identical BWP. To save the UE battery and reduce the UE complexity, it is not expected for the UE to monitor more than one PI in the active BWP and it is proposed to support only one CORESET candidate for PI per BWP and the UE should not be required to monitor another BWP’s PI even if it is within this UE’s BWP. 
Proposal 1: to save the UE battery and reduce the UE complexity, it is proposed to introduce the following retrains: 

· One UE only monitors one PI for each active BWP;

· The CORESET for PI is configured by RRC signalling;

· Only one CORESET candidate for PI is configured for each BWP. 

2.1 Position of PI in time

A number of potential positions in time were discussed before, i.e., 1) in the pre-emptied symbols, 2) in the last a few symbols of the pre-empted slot or 3) in the initial a few symbols of a later slot. According to the latest agreement about bitmap, position 1) is precluded and down selection between position 2) and position 3) is discussed in this section. 

According to the agreements for BWP, a number of BWPs can be configured to a UE and in R-15, there is only one active BWP which can be dynamically switched by DCI. The active BWP for the same UE could be different in two slots so even if PI is sent in a later slot (position 2), it still needs to be interpreted in the BWP of the slot where pre-emption happens but different UEs who have identical BWP in a later slot may have different ones in the pre-empted slot. An example can be found in Figure 1 below, two UEs have different BWPs in slot i and both are switched to the same BWP in slot i+1, and if pre-emption happens in slot i, PI sent in slot i+1 will be interpreted in different BWPs by different UEs. In that case, UEs with identical BWP may be able to share the same PI and multiple PIs may be scheduled for UEs with different PIs in the pre-empted slot. It is contradict to the natural expectation that a group common DCI should be monitored by as many UEs as possible. It is proposed to transmit the PI in the same slot as where the pre-emption happens.
CORESET candidates for PIs can be configured in the last 1 or 2 symbols. Additionally, there is no need to consider the blocking issue as discussed for group common DCI carrying SFI when single CORESET candidate is configured for PI at the end of the slot. 
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Figure 1 Dynamically switched BWP
Proposal 2: it is proposed to send the PI in the last 1 or 2 symbols of the slot with pre-emption(s). 
2.2 PI transmission
URLLC traffic arrives in a sporadic manner thus pre-emption happens in the same manner. Pre-emption indication is another pre-emption to the ongoing eMBB transmission. According to the latest agreements, the PI payload (including CRC) is around 30 bits, the encoded block is about 90 bits with 1/3 channel coding rate assumed, and 45 QPSK symbols will need about 4 PRBs. To reduce the impacts on the ongoing eMBB transmission, it is proposed to transmit PI only when pre-emption happens and without pre-emption, the configured resources for PI(s) are used by PDSCH. The gNB schedules the resources for relevant eMBB UEs without considering pre-emption and PI. If pre-emption happens, the pre-configured resources are punctured for PI transmission as it is already done for URLLC transmission(s). 
Proposal 3: to reduce the impacts on eMBB transmissions, it is proposed to 

· Transmit PI only when pre-emption happens;
· Transmit PI by pre-empting pre-configured resources.
It may happen that different UEs with different BWPs are scheduled within the same slot. As discussed above, UEs with identical BWP can share the same PI. An example can be found in Figure 2 below; all UEs are split into 3 groups according to the active BWP; and all UEs in one group monitor one PI, for instance, all UEs from group 1 only monitors PI1. There might be multiple CORESET candidates for PIs in one BWP, especially when the BWP is very wide, for instance, three CORESET candidates for PI1, PI2 and PI3 respectively are all in BWP1. It means that within a UE’s BWP, more than one pre-emption for PI may happen but only one of them is monitored by this UE. 

Observation 1: It may happen that a BWP is pre-empted by more than one PI and only one is monitored by a UE. 
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Figure 2 An example with multiple BWPs in the same slot
As proposed above, pre-configured resources for PIs may be used by PDSCHs when the corresponding PIs are not transmitted but when there are PIs within the active BWP not monitored by the UE, the UE cannot know if the corresponding resources are used by its PDSCH or not. 
Multiple options can be considered to tackle this issue. One option is to treat a PI pre-emption in the same way as a URLLC pre-emption and all pre-emptions are indicated by the bitmap. Compared with the granularity which can be indicated by the bitmap, PI is much smaller and obviously, this option will result in much more resources than necessary flushed from the buffer due to the coarse granularity of bitmap.  
Another option is to let the gNB indicate the UE if other PIs exist or not in the BWP. One bit can be used for this indicator and it could be included in the PI. Once a PI is detected (by CRC check), the UE can know if there are other PIs or not and then the buffer can be handled accordingly. This indicator can give the gNB extra flexibility to apply different strategies for the resource allocation, for instance, the gNB can let the impact of URLLC pre-emption evenly bore by as many UEs as possible to reduce the impact on a single UE and in this case, the said indicator can indicate that other PIs exist; or the gNB can limit the impact of pre-emption to as few UEs as possible to reduce the number of impacted UEs and in this case, the indicator can indicate that other PIs do not exist. 
The indication can be supported by reinterpreting an existing bit of the bitmap. Since the beginning several symbols (i.e., 1 - 3) are used by control signallings and it is not expected to pre-empt these symbols for URLLC, so the top 1 or 2 bits may never be used. To simplify the implementation, it is proposed to reinterpret the first bit of the bitmap to indicate the existence of other PIs within a BWP. 
This option assumes the UE knows all CORESET candidates of PIs which overlap with this UE’s active BWP, including those not monitored. It is proposed for gNB to configure all CORESET candidates which overlap with a UE’s BWP to the UE.
Proposal 4: it is proposed to introduce in the PI a one bit indicator to indicate if there are other PIs transmitted in the same BWP. 
· An existing bit of the bitmap can be reinterpreted for this indicator;

· All CORESET candidates which overlap with a UE’s BWP are pre-configured to the UE. 

Based on this proposal, an eMBB UE configured to monitor a PI periodically assumes:

· No PI within its active BWP, if the monitored PI is not detected; 

· Only one PI (i.e., the monitored one) within its active BWP, if the monitored PI is detected but the included indicator indicates that there are no other PIs; 
· All pre-configured PIs are transmitted within its active BWP, if the monitored PI is detected and the included indicator indicates that there are other PIs. 
· All CORESET candidates which overlap with a UE’s BWP are pre-configured to the UE
3 Conclusions
In this contribution, the transmission of pre-emption indication was discussed and basically we think PI can be transmitted in a similar way as URLLC DL, i.e., by pre-empting pre-configured resources to reduce the impacts on eMBB transmissions.   
Based on above discussions, we have the following proposals: 

Proposal 1: to save the UE battery and reduce the UE complexity, it is proposed to introduce the following retrains: 

· One UE only monitors one PI for each active BWP;

· The CORESET for PI is configured by RRC signalling;

· Only one CORESET candidate for PI is configured for each BWP. 

Proposal 2: it is proposed to send the PI in the last 1 or 2 symbols of the slot with pre-emption(s). 

Proposal 3: to reduce the impact on eMBB transmissions, it is proposed to 

· Transmit PI only when pre-emption happen;

· Transmit PI by pre-empting pre-configured resources.
Observation 1: It may happen that a BWP is pre-empted by more than one PI and only one is monitored by a UE. 
Proposal 4: it is proposed to introduce in the PI a one bit indicator to indicate if there are other PIs transmitted in the same BWP. 

· An existing bit of the bitmap can be reinterpreted for this indicator;

· All CORESET candidates which overlap with a UE’s BWP are pre-configured to the UE. 
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