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Introduction
In RAN1#88, the agreements on the indication of URLLC transmission with dynamic resource sharing with an ongoing eMBB transmission were reached [1].
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
In RAN1#88bis, the agreements on the physical channel specific for the indication were reached [2].
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Agreements:  
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]No new physical channel specific for indication of DL resources being preempted by another DL transmission is introduced 
· [bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK14][bookmark: OLE_LINK12][bookmark: OLE_LINK13]FFS whether the indication is based on NR-PDCCH or a group common PDCCH
· FFS location of the indication
· FFS timing of the indication
In this contribution, we propose an indication method which indicates the cases where a small fraction of the eMBB time resource is preempted accurately and other cases where a large fraction of the eMBB time resource is preempted coarsely in the time domain. The proposed indication method can indicate the preemption accurately with a large probability when the URLLC traffic arrival rate is small and it can reduce the DCI overhead significantly by using fewer bits compared with bitmap.
Discussion
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]It is agreed that no new physical channel specific for indication of DL resources being preempted by another DL transmission is introduced. In the case of the indication being based on NR-PDCCH, since the URLLC traffic usually takes up a lot of the frequency resource, only the time domain resource needs to be indicated if the ongoing eMBB UE is preempted by the URLLC traffic. In the case of the indication being based on group common NR-PDCCH, the indication should include both the time and frequent domain information of the preempted resource.
The indication being based on NR-PDCCH
If the indication is based on NR-PDCCH, simply, bitmap can be used to indicate the presence of impacted resource for each URLLC scheduling unit within an eMBB scheduling unit in the time domain. However, considering the nature of URLLC traffic (e.g. extremely low arrival rate), it would be inefficient in terms of signaling overhead. Alternatively, certain set of patterns can be used to indicate impacted resources within eMBB scheduling unit (e.g. slot) [3].
Since the arrival rate of the URLLC traffic is extremely low and the URLLC slot is usually shorter than the eMBB slot, when preemption happens, only a small fraction of the eMBB resource would be impacted in the time domain in most cases. The probability of a large part of an eMBB slot being preempted is quite small. Even more, with the increase of the preempted ratio, the probability of correct decoding could not be increased simply via an indication. In this case, the missing data of the original transmission could be the key factor from the point of recovering the corrupted transmission [4]. Supplementary transmission is a good choice and the original transmitted data can be discarded or decoded combined with the supplementary transmitted data depending on UE’s implementation. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For the purpose of increasing 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, only the cases where a small fraction of an eMBB slot is preempted need to be indicated accurately, while the cases where a large fraction of an eMBB slot is preempted can be indicated coarsely (e.g. all the cases can be indicated using a common code-point). In this way, fewer bits can be used for the indication compared with bitmap which can save the DCI overhead significantly.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]It is assumed that the eMBB data uses 15kHz SCS, 14 OFDM symbols in a slot while the URLLC data uses 15kHz SCS, 1 OFDM symbol mini-slot. It is further assumed that URLLC traffic arriving at each OFDM symbol is independently and identically distributed and the probability of each OFDM symbol being preempted is p. In the case of 4 bits indication, the cases where on more than one OFDM symbol is preempted can be indicated individually and a common code-point can be used to indicate all the cases when more than one OFDM symbol is preempted. Table 1 gives an example to illustrate this method.

Table 1 Meaning of the code-points in the case of 4 bits indication
	Code-point
	Meaning

	0000
	No preemption

	0001
	Only the 1st OFDM symbol is preempted

	0010
	Only the 2nd OFDM symbol is preempted

	0011
	Only the 3rd OFDM symbol is preempted

	0100
	Only the 4th OFDM symbol is preempted

	0101
	Only the 5th OFDM symbol is preempted

	0110
	Only the 6th OFDM symbol is preempted

	0111
	Only the 7th OFDM symbol is preempted

	1000
	Only the 8th OFDM symbol is preempted

	1001
	Only the 9th OFDM symbol is preempted

	1010
	Only the 10th OFDM symbol is preempted

	1011
	Only the 11th OFDM symbol is preempted

	1100
	Only the 12th OFDM symbol is preempted

	1101
	Only the 13th OFDM symbol is preempted

	1110
	Only the 14th OFDM symbol is preempted

	1111
	More than one OFDM symbol is preempted





[bookmark: OLE_LINK19][bookmark: OLE_LINK20]In the case of 7 bits indication, the cases where no more than two OFDM symbols is preempted can be indicated individually and a common code-point can be used to indicate the cases when n (2＜n≤14) OFDM symbols are preempted in the same time. There are cases when one of the OFDM symbol is preempted, cases when two of the OFDM symbols are preempted, one case for each n and one for no preemption. In total, 118 combinations are required for the indication which is less than 27. 
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Table 2 lists the probability of no more than one/two of the OFDM symbol(s) being preempted when p varies.
Table 2 Probability of no more than one/two of the OFDM symbol being preempted

	p
	No more than one OFDM symbol being preempted
	No more than two OFDM symbols being preempted

	0.1
	58.46%
	84.16%

	0.05
	84.70%
	96.99%

	0.02
	96.90%
	99.75%

	0.01
	99.16%
	99.97%

	0.005
	99.78%
	99.996%



As can be seen in Table 2, when p is less than 0.01, the probability of no more than one of the OFDM symbol being preempted is more than 99% and the probability of no more than two of the OFDM symbol being preempted is more than 99.9%. This method can reduce the DCI overhead significantly compared with bitmap which requires 14 bits for the indication and in the same time indicate the preemption accurately with a large probability when the URLLC traffic arrival rate is small.
Observation 1: For the indication being based on NR-PDCCH, indicating the cases where a small fraction of an eMBB slot is preempted accurately and the other cases where a large fraction of an eMBB slot is preempted coarsely is an effective way which can save DCI overhead significantly compared with bitmap.
The indication being based on group common NR-PDCCH
In the case of the indication being based on group common NR-PDCCH, the whole frequency band can be divided into several partitions. For each partition, the same method can be applied. With the help of gNB scheduling, for each partition, only a small fraction of the time resource being preempted is realizable. 
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Proposal 1: Indicating the cases where a small fraction of the eMBB time resource is preempted accurately and other cases where a large fraction of the eMBB time resource is preempted coarsely should be supported by NR.
Conclusion
In this contribution, we discuss the indication method of the preempted eMBB resource. Since the objective of the indication is increasing 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. It is only helpful when a small fraction of the eMBB resource is preempted. There is no need to indicate the cases when a large fraction of the eMBB resource is preempted accurately. Based on the discussion, we have the following proposals:
Observation 1: For the indication being based on NR-PDCCH, indicating the cases where a small fraction of an eMBB slot is preempted accurately and the other cases where a large fraction of an eMBB slot is preempted coarsely is an effective way which can save DCI overhead significantly compared with bitmap.
Proposal 1: Indicating the cases where a small fraction of the eMBB time resource is preempted accurately and other cases where a large fraction of the eMBB time resource is preempted coarsely should be supported by NR.
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