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1. Introduction 
In RAN1 #88 the following is agreed:
	Agreements:

· Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding

· FFS details

Agreements:
· Indication can be dynamically signaled to a UE, whose assigned downlink resources have  partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding  of the TB(s) transmitted within the above mentioned assigned resource

· 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


This contribution provides further considerations of using an indicator of time and/or frequency resources within eMBB resources that are pre-empted by URLLC transmissions.
2. Discussion
2.1 Motivation for Puncturing Indication

When eMBB resources are preempted by URLLC transmissions, it is obvious and has been shown [1]-[12] that the eMBB throughput decreases. However, in the previously cited references it is also shown that this performance hit can be efficiently mitigated when it is known to the eMBB UE that it has been punctured. 

An example performance evaluation is shown in Figure 1, where it is noted that without knowledge of the URLLC puncturing the performance of eMBB BLER cannot reach 1%.
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Figure 1 - eMBB’s Performance Comparison with URLLC Preemption, LTE EVA, 256 QAM

2.1 Where and when to transmit the indication signal

Even though there was a large support at RAN1#88 for puncturing indication as such, quite different options have been discussed for the actual realization. These discussions contained both high level (e.g. when shall the indication signal be sent?) and also detailed aspects (e.g. granularity of resource indication in time domain and frequency domain).  
Considering that the specification of R15 (non-standalone) shall be finalized in December 2017, RAN1 should determine the basic characteristics of the puncturing indication scheme in this meeting (RAN1#88b) and then define the details for one scheme after the scope has been narrowed down. 

Observation 1: The available time to define the detailed puncturing indication scheme is very limited. 
Below, we summarize the options that have been discussed during the SI phase:

	
	Method
	Brief description

	1
	Current indication during URLLC 
	This is the earliest possible time instance for the indication. The eMBB UE can detect the puncturing while it is happening.

At least two methods have been brought up to realize this. The first method comprises a new indication channel that would be monitored by the eMBB UE. This indication channel was called a “thin grant” in one contribution. It would not require a large bandwidth but would need to be transmitted constantly when puncturing could happen. The other method would assume that DMRS for slots and mini-slots is transmitted on different antenna ports. The eMBB which is configured with a slotted transmission would then monitor the possible puncturing occasions for URLLC DMRS transmissions.  

	2
	Current indication after the URLLC transmission but during the ongoing eMBB transmission that has been impacted
	Here, the indication comes still within the eMBB transmission. Thus, it is still ensured that the HARQ time-line is not broken. But it might have impact on the start of the decoding. 

The indication could either be sent on a new indication channel that is transmitted at the end of the TTI and may or may not puncture out eMBB PDSCH RE’s or it could be contained in another DCI, which is carried by a control channel that shares the same channel processing as PDCCH that may be configured at the end of eMBB TTI. 

	3
	Post indication after eMBB transmission
	This may impact the HARQ time-line.

The puncturing indication could for example be included in the DCI of the sub-sequent slot. It should be noted that the subsequent slot is also used to schedule other UEs and data and hence this indication may increase PDCCH blocking. 

No new channel would need to be defined.

	4
	Post indication in the PDCCH of the retransmission
	The first decoding of the impacted transmission will be performed without any knowledge which has a high chance of failure and lead to increase NACK.  This may also have an impact on the eMBB throughput.


Furthermore, during the discussions it was also pointed out that the indication signal should come within the expected active period of the UE. The eMBB should not be required to perform an extra wake-up in order to detect the puncturing indication.
The different options are illustrated in Figure 2 below, where the numbers indicates the option summarized in the above table:
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Figure 2 – Different options when to send the indication signal
In order to narrow down the possibilities, RAN1 should consider some key characteristics from the puncturing indication itself and the processing related to it, specifically we should answer the following questions, which would form a design guideline:

1. What is the relationship between puncturing indication and HARQ time-line 
2. Shall a new physical channel processing chain be introduced?
3. Do we want to have a clean, self-contained design?

Proposal 1: RAN1 should define key characteristics of the puncturing indication itself and the expectations on the related processing first, before solving more details of the schemes.  
Question 1: What is the relationship between puncturing indication and HARQ time-line
In our view, puncturing indication should be received and processed before the ACK/NACK feedback of the impacted transmission is sent to minimize NACK feedbacks. The original HARQ time-line should be not at all or just very minimally affected. During the on- and off-line discussions at RAN1#88 we got the impression that this view is shared by most companies.
Proposal 2: It should be possible to reflect the puncturing indication in the ACK/NACK response to the impacted transmission. The original HARQ time-line should not be affected.  

Question 2: Shall a new physical channel processing chain be introduced?
For such an approach, at least two options are on the table for discussion, an indication channel at the end of the eMBB or a continuously transmitted “thin” indication channel. The required capacity of these channels would need further study and also, as indicated during the meeting, there does not seem to be very broad support among companies to introduce new channel processing. Considering this and the time pressure on finalizing R15, we propose to include the indication using a physical channel that uses an existing channel processing chain.
During the previous discussions it has been brought up that new channel processing with indication during the ongoing URLLC transmission would enable early “on the fly decoding”. It should be appreciated that on the fly processing is dependent upon the way the eMBB TB is encoded and hence it is also possible with post indicator, for example if multiple CB is used in a TB.  
Proposal 3: In designing for the puncturing indicator, strive to reuse the physical channel processing chain as that of a physical channel currently being designed in Phase 1

Question 3: Do we want to have a clean, self-contained design?
It is our view that a self-contained structure should be maintained as much as possible. Therefore we prefer to send the indication during the eMBB slot/frame.  This provides a clean solution and would not impact the scheduling of slots outside of the affected eMBB transmission, e.g. indicator in the next slot may lead to PDCCH blocking.
Proposal 4: In order to facilitate a self contained structure and better forward compatibility the puncturing indication should be sent during the impacted eMBB transmission. 

To summarize our view, 

· It should be possible to consider the puncturing indication for the HARQ feedback of the impacted transmission.
· No new physical channel processing chain is specified
· Impact to the HARQ time line is minimised
· The puncturing indication should be transmitted during the impacted eMBB transmission
In our view, the above criteria are best met if the indication could be sent in another DCI (which can be carried by a control channel that has the same channel processing as PDCCH) which is illustrated below in Figure 3.   
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Figure 3 – Proposed position of the puncturing indicator, in the 2nd DCI within the ongoing eMBB TTI

Proposal 5: Puncturing indication should be transmitted in a 2nd DCI within the eMBB TTI.
In the previous meeting (RAN1#88), it was noted that the URLLC transmission may also pre-empt the indicator itself, i.e. the indicator at the end of the eMBB TTI. We view this as a general issue where the URLLC transmission pre-empting any PDCCH and hence not confined to just the indicator.  One method is for the gNB scheduler to avoid transmitting URLLC onto a scheduled PDCCH which does not affect the URLLC latency much since the PDCCH is likely to occupy a mini-slot or even 1 or 2 OFDM symbols. There can of course be other solutions.
3.   Conclusion

In this contribution we discuss different puncturing indication schemes and make the following observations and proposals
Observation 1: The available time to define the detailed puncturing indication scheme is very limited. 

Proposal 1: RAN1 should define key characteristics of the puncturing indication itself and the expectations on the related processing first, before solving more details of the schemes.  
Proposal 2: It should be possible to reflect the puncturing indication in the ACK/NACK response to the impacted transmission. The original HARQ time-line should not be affected.  

Proposal 3: In designing for the puncturing indicator, strive to reuse the physical channel processing chain as that of a physical channel currently being designed in Phase 1

Proposal 4: In order to facilitate a self contained structure and better forward compatibility the puncturing indication should be sent during the impacted eMBB transmission. 

Proposal 5: Puncturing indication should be transmitted in a 2nd DCI within the eMBB TTI.
4. References

[1]
R1-1700677, “Considerations on Dynamic Resource Sharing for eMBB/URLLC in DL,” Sony
[2] R1-1700022, “On DL multiplexing of URLLC and eMBB transmissions,” Huawei, HiSilicon
[3] R1-1700626, “Dynamic Resource Sharing for eMBB/URLLC in DL,” NTT DOCOMO
[4] R1-1700970, “Performance of eMBB with HARQ Retransmission for Multiplexing eMBB and URLLC,” Samsung
[5] R1-166408 “Multiplexing of eMBB and URLLC”, ZTE
[6] R1-1700374, “Downlink Multiplexing of eMBB and URLLC Transmissions,” Intel
[7] R1-1700264, “About URLLC and eMBB multiplexing in downlink,” ZTE, ZTE Microelectronics
[8] R1-1700966, “Preemption-based multiplexing between eMBB and URLLC for DL,” Samsung
[9] Convida Wireless R1-1701139 “Discussion on eMBB and URLLC Mixing” 

[10] Qualcomm, R1-1702639 DL URLLCeMBB dynamic multiplexing and indication design

[11] Huawei, R1-1701663 “On DL multiplexing of URLLC and eMBB transmissions”

[12] Sharp, R1-1703243, Update on Outer Codes for URLLC multiplexing with eMBB

