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Introduction
In RAN1 #88 meeting, the following have been agreed for multiplexing of eMBB and URLLC in downlink.
· 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
· 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.
[bookmark: _Ref178064866]Discussion
[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]When a gNB have eMBB and URLLC traffics, the gNB can perform either scheduling or puncturing to transmit the traffic to the URLLC receiver. As discussed in paper [1], the gNB can choose to schedule different traffic types in different parts of the spectrum if it wants to, as part of its normal set of scheduling tools. Also, not all URLLC services may need ultra-low latency, in which case normal scheduling and slot-based transmissions is sufficient and no mechanisms other than those already envisioned for NR are needed. Below we provide performance evaluation of DL puncturing when puncturing occurs occasionally or moderately.
Impact of URLLC Puncturing
eMBB BLER
URLLC puncturing may be considered as bursty interference which impacts the decoding performance of an eMBB UE. The impact is significant if the eMBB UE just blindly decodes the received data and/or use it for combining with the retransmitted data without being aware of it. 
For example, in Figure 1 we show how the baseline eMBB BLER (green line) is affected when there is no puncturing indication to the eMBB UE. Figure 1 (red line) shows a significant impact on the BLER when puncturing occurred and there is no puncturing indication to the eMBB UE. Here the UE tries to decode the data as if there was no puncturing and fails completely. If DCI information contains several bits indicating exactly the location of punctured data, then the UE performance can be improved considerably as seen in Figure 1 (blue line). However, indicating explicitly the exact location of punctured data may result in an excessive overhead. In the following, we propose to use a simple form of indication and show that it can still increase the likelihood of successful decoding of the data.
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Figure 1: Example of puncturing impact on eMBB UE BLER

Puncturing Indication
As a simple solution, an indication can be done in subsequent transmission, i.e., indicating whether the previous transmission was punctured or not. Different amounts of information may be included in the indication. One approach is to indicate which symbols in the slot level transmission have been punctured. An alternative approach to minimize the signaling in the DCI is to only indicate to the UE whether the TB was punctured or not. For larger eMBB allocations, where the TB may be split up into two or more code blocks, one method which provides a good tradeoff between DCI overhead and the BLER performance is to map the puncturing indication to each code block (CB) or code block group (CBG), which can be used with a multi-bit HARQ (see e.g., [2] and [3]). 
Based on some lightweight puncturing indication (e.g., CBG-level indication), it is possible for the UE to clear previous soft values corresponding to indicated resources. This method serves as a basic solution to remedy the impact of URLLC puncturing on eMBB UE performance. However, in some cases, it may be desirable to be able to detect puncturing region with finer granularity, i.e., to detect more precisely which CBs in a CBG or which parts of indicated resources are corrupted by URLLC data. In these cases, the UE can decide to perform blind detection of punctured resources within the indicated CBGs, CBs, or resources.

Puncturing Detection
We consider puncturing detection based on some lightweight indication above. The eMBB UE tries to detect exact regions of URLLC puncturing in the indicated resources. For purpose of evaluating puncturing detection performance, we assume an allocation where the whole TB fits into one CB.
Different puncturing scenarios could be considered. The eMBB and URLLC data may have the same or different characteristics in terms of modulation schemes or output power, etc. For the latter, different signal characteristics may be used for puncturing detection. However, this case is not always possible and should not be assumed as it imposes restrictive scheduling constraint on the system design. Alternatively, puncturing detection can be done based on a retransmission of the punctured data. The retransmission can use the same RV or different RV as in the punctured transmission and the detection can be done by comparing overlapping bits of the different transmissions.
In the simulation, LTE Turbo code, information block length 672 bits, code rate ½, QPSK modulation, 2Rx antennas, EPA 5 Hz fading channel, and ideal channel estimation are assumed for eMBB transmission. We assume that there is a retransmission of the eMBB code block using the same RV which can be used for puncturing detection and soft combining. No puncturing is assumed in the retransmission.
First, we consider the case where the minimum puncturing region covers two full OFDM symbols in a 14 symbol-slot of eMBB resources. The minimum puncturing resource size may be pre-configured and is known at the UE. Given the puncturing indication in the retransmission (e.g., that the CB was punctured), blind detection based on comparing the two transmissions can be done at the UE where the soft values corresponding to the detected region are cleared before soft combining. We evaluate the BLER performance when blind detection based on correlation is used, compared to the cases where there exist perfect indication and no indication in Figure 2. 
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Figure 2: BLER performance when 2 out of 14 full OFDM symbols are randomly punctured.

	At target BLER
	Difference from the required SNR of perfect puncturing indication/detection case

	
	Perfect indication
	One-bit indication and blind detection
	No indication and no detection

	10%
	0
	< 0.1 dB
	1 dB

	1%
	0
	0.1 dB
	1.4 dB



Table 1: Relative “gain” of one-bit indication and blind detection scheme compared to perfect indication and no indication cases.
We see that blind detection at the UE based on a lightweight indication provide good performance comparable to perfect indication. The performance gap to the case where perfect indication is available is almost negligible. 
[bookmark: _Toc347822667][bookmark: _Toc347823813][bookmark: _Toc347823994][bookmark: _Toc347824245][bookmark: _Toc477782659][bookmark: _Toc477783785][bookmark: _Toc477793427][bookmark: _Toc477865057]Blind detection at the UE together with some lightweight puncturing indication provide good BLER performance comparable to perfect indication. 
[bookmark: _Toc477793428][bookmark: _Toc477865058]Two transmissions with the same RV field can be used by the UE to detect the puncturing region more accurately.

Next, to further show robustness of the approach, we assume that many small puncturing parts occur randomly in the resources allocated to eMBB data. A minimum puncturing resource unit is assumed to span (1 OFDM symbol, 12 subcarriers), (2os, 12sc), (1os, 24sc), or (2os, 24sc), and is known to the UE. When 20% of eMBB resources are punctured, Figure 3 shows that the blind detection approach described above still performs well compared to the perfect indication case (less than 0.5 dB loss) and is also robust against random puncturing patterns. 
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Figure 3: BLER performance with 20% randomly punctured resources

	At target BLER
	Difference from the required SNR of perfect puncturing indication/detection case

	
	Perfect indication
	One-bit indication and blind detection
	No indication and no detection

	10%
	0
	 0.2 dB
	2.5 dB

	1%
	0
	< 0.5 dB
	N/A (>4dB)



Table 2: Relative “gain” of one-bit indication and blind detection scheme compared to perfect and no indication cases for the minimum puncturing resource unit (2os, 24sc).

[bookmark: _Toc477782661][bookmark: _Toc477783786][bookmark: _Toc477793429][bookmark: _Toc477865059]Blind detection at the UE together with some lightweight puncturing indication is robust against puncturing patterns.
[bookmark: _Toc477782662][bookmark: _Toc477783787][bookmark: _Toc477793430][bookmark: _Toc477865060]Proposal 1		Use some lightweight puncturing indication together with blind detection at the UE to increase the likelihood of successful demodulation and decoding of the punctured transmission.

Conclusion
In section 2 we made the following observations:
Observation 1	Blind detection at the UE together with some lightweight puncturing indication provide good BLER performance comparable to perfect indication.
Observation 2	Two transmissions with the same RV field can be used by the UE to detect the puncturing region more accurately.
Observation 3	Blind detection at the UE together with some lightweight puncturing indication is robust against puncturing patterns.

Based on the discussion in section 2 we propose the following:
Proposal 1	 Use some lightweight puncturing indication together with blind detection at the UE to increase the likelihood of successful demodulation and decoding of the punctured transmission.
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