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Introduction
In this contribution we discuss the UE behavior and the remaining issues on preemption indication including “false” preemption indication across slot boundaries and the translation of the indication bitmap to symbols in case of different numerologies between serving cells.
Discussion
UE behavior upon preemption indication
Some companies have expressed opinions on supporting PI as a default feature in Rel-15 irrespective of UE capabilities [1]. Related to the UE behavior, it has been already agreed in RAN1#90b that the HARQ timeline (ACK/NACK feedback time) is not affected by the PI: 
· The HARQ timeline for a PDSCH transmission is not affected by preemption indication. 
Furthermore, during the NR SI phase (RAN1#88), the following agreement has been made
· 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

Therefore, the PI was identified as way of improving the likelihood of successful demodulation and decoding of both the preempted TB(s) and the subsequent re-transmissions of the same TB(s). However, no specific UE behavior was mandated following the reception of the PI. In order to decide on a suitable UE behavior upon PI reception, the feasibility of such a UE behavior and the impact on the complexity has to be discussed.
In terms of behavior, the following points can be considered:
Re-decoding: Figure 1 shows the timeline for the PI and UE processing, although theoretically the PI can be taken in account if K1≥ N1+PI_delay, but in practice, processing the PI and re-decoding the impacted CB requires a processing power that is not available since the eMBB UE processing pipeline is busy processing the following slots. Few companies have suggested that the UE may take in account the PI if the UE hasn’t yet attempted decoding the preempted data, such a behavior is difficult to translate in practice, first because the decoding pipeline includes several stages such as, DCI decoding, RE to LLR demapping, de-interleaving, soft bit handling and LDPC decoding, and trying to fit the PI related processing within an ongoing slot decoding may result into a large disturbance to the UE, in addition even if such a behavior is possible in certain cases it will still mean that the preemption happening at the beginning of the slot may be treated differently from those happening at the end of the slot making the specification and testing of such a behavior extremely difficult. 
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[bookmark: _Ref498684562]Figure 1: Timeline for flushing corrupted LLRs and attempting re-decode

Translation of RE T/F positions into HARQ soft bit positions: In order to take in account the PI, the UE need to translate the RE T/F positions to HARQ soft bits position using at least the following information from the preempted PDSCH transmission:
· Resource allocation (time, frequency)
· Number of layers
· DMRS position
· TB size
· Modulation
· BG1/BG2
· RV
· Bit-level Interleaver
· Punctured RE (for CSI-RS,…)
Therefore, in order to translate the RE positions to buffer soft bits positions, the UE needs to retain the DCI information and the configurations parameters of the previous PDSCH transmission(s) and to perform a significant processing, similar to the initial PDSCH de-mapping in complexity, which makes the re-decoding behavior in Figure 1 even more difficult to perform.
Observation 1: To guarantee that the PI is taken in account in the ACK/NACK of the preempted transmission, a dedicated processing power for the PI is required.
Proposal 1: Taking in account the PI for the ACK/NACK of the preempted transmission shall be left to the UE implementation with no specification requirement.
Flushing versus removing the preempted transmission corrupted LLRs: as can be seen in Figure 1, by the time the PI is received the processed LLRs which were corrupted by the preemption would have been already combined with the previous transmissions accumulated soft bits. Therefore in order to remove only the corrupted LLR, the UE has to double the soft buffer size to store the pre and post combining versions. Such a requirement is too costly, while the alternative of flushing the accumulated soft bits impacted by the preemption will still provide the correct behavior for initial transmissions where the previous soft buffer version is empty. Considering a BLER target of 10%, the flushing behavior would in this case provide most of the gain of the PI with no soft buffer size increase.
Observation 2: Flushing behavior has similar performance to removing the preempted transmission corrupted LLR transmission without increase in the soft buffer size requirement.
Soft bits handling: even after translating the RE T/F positions into soft buffer position, handling the corresponding bits is relatively complex, the main reason is due to the design of the NR bit interleaver that distribute the bits in the soft buffer as can be seen in Figure 2.
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[bookmark: _Ref498693188]Figure 2 Bit interleaver (top) and bit-address in the HARQ soft buffer (bottom) for 256QAM

Although it is very difficult for the UE to take in account the PI for the ACK/NACK of the preempted transmission, however the UE can still translate the PI into indication of which part of the soft buffer has to be flushed before combining the next HARQ retransmission. However, given that it is complex to handle the soft buffer at the bit level, it preferable to use the PI to derive CB level flushing information. In this case each of the UEs that were impacted by the preemption, can use the PI to derive the CBs that were impacted and flush the corresponding part of the soft-buffer. We call this derived information CB flushing information (CBFI). The advantages of using the PI to derive the CBFI is that the CBFI has better granularity than the CBGFI hence better performance gain. Also the PI is only sent when required and common to multiple users while the CBG feature is UE specific and is present all the time, therefore the control overhead of the PI is smaller than the CBG feature overhead.
Observation 3: Using the PI to derive CB level flushing information has better granularity than the CBGFI feature and less control overhead.
Proposal 2: Support using the PI to derive per user CB-level flushing and the corresponding UE CB-level flushing behavior.
Proposal 3: Any further UE actions regarding the handling of the preempted symbols shall be left to UE implementation.

On the “false” preemption issue across slot boundaries
Inaccurate information in the received preemption indication may have a negative impact on UE performance. Any “false” preemption indication may cause UE to discard/flush information bits that are intended for that UE, potentially leading to both data and power loss. Such false indication can occur either due to a miscommunication (e.g., decoding errors, etc.) or due to a lack of granularity with the indication bits. Since multi-slot monitoring periodicity is supported for the group-common DCI carrying preemption indication, it is likely that the 14 bits in the bitmap needs to be translated to more than 14 OFDM symbols. When one bit is mapped to a symbol group of more than one symbols, the bit should carry “1” to indicate the preemption occurrence even if only one symbol is preempted. In such a scenario UE may discard the information bits corresponding to all symbols in that group despite the fact that the other symbols in the group are received correctly. This is acceptable as long as all symbols of the “preempted” symbol group are in the same slot since UE is likely to request a re-transmission. However, UE performance will have a significant impact if different symbols in the same symbol group are located in different slots. If one of the slots has no actual preemption, such “false” indication will very likely trigger an unnecessary retransmission request.
Observation 4: “False” preemption indication causes large performance degradation when affecting slots with no actual preemption (i.e., false indication across a slot boundary).

According to the definition in Section 11.2 of TS 38.213 [2], the mapping function does not take into account the slot boundaries, hence the aforementioned issue of symbol grouping across two slots may occur. The following examples in Figure 3 and Figure 4 illustrate the problem. 
[image: ]
[bookmark: _Ref503521437]Figure 3: Example illustrating the issue with the current bitmap definition for TDD
Let us consider a preemption indication scenario for TDD with a two-slot monitoring periodicity wherein the first slot contains both downlink and uplink symbols. Consider that the preceding slot has a group of 9 uplink symbols based on its slot format and that UE is configured with a two-slot monitoring periodicity and {14,1} bitmap formatting (i.e., INT-TF-unit = 0). Hence  symbols should be mapped by 14 indication bits.There is preemption only on the 4th and 5th symbols of the preceding slot. According to the current definition, the resulting 14 bits are obtained as shown in Figure 3. As can be seen, the 3rd symbol group consists of the 5th symbol of the preceding slot and the 1st symbol of the consecutive slot. Since there is “actual” preemption in the first slot, the corresponding bit carries binary “1”, therefore “false” indication occurs in the consecutive slot. In this scenario, UE will request a re-transmission for the last slot unnecessarily unless the bitmap design for preemption takes into account the slot boundaries.
We can consider another example illustrating the “false” preemption indication for FDD as well. When RRC parameter for monitoring periodicity is 4 with {14,1} bitmap formatting (i.e., INT-TF-unit = 0), both the 4th and 11th bits will be mapped to groups of symbols from multiple slots. Figure 4 illustrates the mapping from bits to symbols according to the current specification. As can be observed from Figure 4, if any of the last two symbols in the first slot is preempted, “Bit 4” will be set to “1”. This will cause “false” indication for the second slot (assuming none of the symbols in the second slot is preempted). Similarly to the previous TDD example illustrated in Figure 3, UE will request a re-transmission in this FDD scenario (illustrated in Figure 4) for a slot unnecessarily as well unless the bit-to-symbol mapping design formulation for preemption indication takes into account the slot boundaries.
It is worth emphasizing that the “false” indication issue for FDD, as illustrated in Figure 4, occurs across slot boundaries with any of the following set of higher-layer configurations:
· Monitoring periodicity  is 4 slots & 14 time-domain parts as in {14,1} (i.e., INT-TF-unit = 0)
· Monitoring periodicity  is 4 slots & 7 time-domain parts as in {7,2} (i.e., INT-TF-unit = 1)
· Monitoring periodicity  is 2 slots & 7 time-domain parts as in {7,2} (i.e., INT-TF-unit = 1)
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Figure 4: Example illustrating the issue with the current bitmap definition for FDD

Observation 5: Bitmap design for preemption indication should take into account the slot boundaries during the formation of each symbol group that corresponds to a single indication bit.

Proposal 4: The same indication bit for preemption shall not be mapped to symbols located in different slots.

The 14 bits of field in the DCI can be assigned to either 14 or 7 separate time-domain chunks (i.e., symbol groups) within the preemption indication monitoring interval depending on the configuration of the higher layer parameter INT-TF-unit. A simple correction to the bitmap definition can be made by defining an additional step in which the available indication bits for time-domain representation (i.e., either 14 or 7) are firstly assigned to different slots before the symbol groups are formed for each slot according to the current formulas as already defined in the specification. Such assignment of the indication bits to different slots as an additional intermediate step will resolve the problem of “false” preemption indication with minimal change in the current definition in TS38.213. 
As a simple example, the distribution of the bits across slots can be performed as follows. 
Step-1:
Let  for  refers to the number of OFDM symbols in slot  and  for  be defined as the number of PI bits each indicating the corresponding OFDM symbol groups within slot 𝑛. If the   first symbol of the control resource set is located at the start of the slot, then, otherwise. The following constraint holds:

 is the index of the earliest slot in time with the largest number of OFDM symbols verifying the property:

For each slot  to  while, the number of corresponding PI bits is computed as follows. 

where  if INT-TF-unit is 0; otherwise . 
Finally for slot  with the largest number of OFDM symbols, the number of assigned PI bits is computed as follows

Step-2:
After all of  are determined, the assignment of bits per slot can be distributed across OFDM symbols by a similar approach to the definition in Section-11.2 of TS 38.213 v15.0.0. 
For every slot, each of the first  symbol groups include ⌉ symbols and each of the last  symbol groups include  symbols. The distribution of the bits across symbol groups can be performed for each slot irrespectively of order. If the value of INT-TF-granularity is 1 (i.e.,), the distribution of the bits between the first PRBs and the last PRBs can be performed as described in TS 38.213. 
Finally, a bit value of 0 indicates transmission to the UE in the corresponding symbol group and a bit value of 1 indicates no transmission to the UE in the corresponding symbol group. The formulation of this example design is illustrated in Figure 5. 
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[bookmark: _Ref503521539]Figure 5: A correction to bitmap design that overcomes the “false” indication issue across a slot boundary

The total number of symbols covered by the PI is. By following through the Step-1 formulas given above, the number of assigned bits to slot (m-2) is:
Slot (m-2)      
Then the number of assigned bits for the last slot (i.e., slot (m-1)) is:
         Slot (m-1)     
Following through Step-2 for slot (m-2), each of the first  groups includes  symbols and each of the last  groups includes  symbols. The resulting bitmap is shown in Figure 4, and clearly “false” indication no longer exists.

Proposal 5: The indication bits in time-domain are firstly distributed among the slots before the symbol groups are formed for each slot according to these assigned number of bits.

------------Begin of Text Proposal for TS38.213 Section 11.2------------
…

The resulting set of symbols in each slot  includes a number of symbols that is denoted as. The first slot with the greatest number of resulting symbols is denoted as slot  that is  for all. The resulting set of all symbols includes a number of symbols that is denoted as. 
The UE is configured the indication granularity for the set of PRBs and for the set of symbols by higher layer parameter INT-TF-unit. If the value of INT-TF-unit is 0, the indication granularity for the set of symbols is 14 that is denoted as . If the value of INT-TF-unit is 1, the indication granularity for the set of symbols is 7 that is denoted as .
The number of assigned indication bits for the set of symbols in slot  wherein  is denoted as  and given by 

, the number of assigned bits for the set of symbols in slot  is given by.
Each of the first  symbol groups in slot  includes ⌉ symbols and each of the last  symbol groups includes  symbols. 




If the value of INT-TF-unit is 0, 14 bits of a field in DCI format 2_1 have a one-to-one mapping with 14 groups of consecutive symbols from the set of symbol groups of each slot symbols where each of the first  symbol groups includes  symbols, each of the last  symbol groups includes  symbols, a bit value of 0 indicates transmission to the UE in the corresponding symbol group and a bit value of 1 indicates no transmission to the UE in the corresponding symbol group. 








If the value of INT-TF-granularity is 1, 7 pairs of bits of a field in the DCI format 2_1 have a one-to-one mapping with 7 groups of consecutive symbols from the set of symbol groups of each slot where each of the first  symbol groups includes  symbols, each of the last  symbol groups includes  symbols, a first bit in a pair of bits for a symbol group is applicable to the subset of first PRBs from the set of  PRBs, a second bit in the pair of bits for the symbol group is applicable to the subset of last  PRBs from the set of  PRBs, a bit value of 0 indicates transmission to the UE in the corresponding symbol group and subset of PRBs, and a bit value of 1 indicates no transmission to the UE in the corresponding symbol group and subset of PRBs.
------------End of Text Proposal for TS38.213 Section 11.2------------
Correction to TS38.213, Section 11.2
The recent agreement [3] of the TP from the email summary [4] modified the formulation of the PI bit-to-symbol mapping function for a second serving cell with a different numerology than the serving cell wherein DCI format 2_1 is detected. The following is excerpted from the agreed TP [4]. 
“…








If a UE detects a DCI format 2_1 in a PDCCH transmitted in a control resource set in slot , the set of symbols indicated by a field in DCI format 2_1 includes the last  symbols prior to the first symbol of the control resource set in slot  where  is the value of the parameter INT-monitoring-periodicity and  is a natural number,  and  are the number of OFDM symbols within a slot and the subcarrier spacing configuration respectively for a serving cell associated with the respective field in the detected DCI format 2_1,  is the subcarrier spacing configuration of the DL BWP of the serving cell where the DCI format 2_1 is detected
…”
There are two corner cases related to monitoring periodicity that should be addressed. When a PI field is indicated for a serving cell with a different numerology other than the numerology of the serving cell wherein the DCI format 2_1 is detected, any of the following two problems may occur.
Issue#1
When the number of time-domain parts in a PI field is greater than the number of associated symbols:
Consider the following example where the higher-layer monitoring periodicity for PI is 1 slot (i.e., RRC parameter  is “1”) and the PI field contains 14 time-domain parts with {14,1} bitmap formatting  (i.e., RRC parameter INT-TF-unit is “0”). 
Let us consider the following numerologies. The SCS of the serving cell wherein DC format 2_1 is detected is 30 KHz and the SCS of the serving cell that is associated with the PI field is 15 KHz, hence. 
Figure 6 illustrates the current mapping between the PI bits and the associated symbols. Although there are 14 bits in the PI field, only 7 of them are mapped to symbols. Therefore the current design renders some of the bits redundant. It should be emphasized that Figure 6 illustrates the problem with a very simple example. When the gap between the numerologies of the serving cells is more significant (e.g., 240 KHz vs. 15 KHz), most of the bits in the PI field will be left unused. 
[image: ]
Figure 6: Current PI bitmap formulation can render most of the PI bits redundant depending on numerologies
Issue#2
When the number of time-domain parts in a PI field is fewer than the number of associated slots:
Consider the following example where the higher-layer monitoring periodicity for PI is 4 slots (i.e., RRC parameter  is “4”) and the PI field contains 14 time-domain parts with {14,1} bitmap formatting  (i.e., RRC parameter INT-TF-unit is “0”). 
Let us consider the following numerologies. The SCS of the serving cell wherein DC format 2_1 is detected is 15 KHz and the SCS of the serving cell that is associated with the PI field is 60 KHz, hence. 
Figure 7 illustrates the current mapping between the PI bits and the associated symbols. There are 14 bits in the PI field and they are mapped to 16 slots. In this configuration the current bitmap formulation defines a mapping from each and every one of the PI bits to multiple symbols across slot boundaries. If the current mapping formulation is allowed, the occurrence of “false” preemption indication will be practically unavoidable (note: the negative impacts of such false indication on the UE performance are discussed in the previous section). It should be emphasized that the example in Figure 7 illustrates the problem in a simple manner. When the gap between the numerologies of the serving cells is more significant (e.g., 15 KHz vs. 240 KHz), the raised issue will be much more severe.
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Figure 7: Current PI bitmap formulation can render “false” preemption indication unavoidable depending on numerologies

According to the current definition in Section 11.2 of TS38.213, the number of associated symbols  are mapped to PI field bits based on the formation of “groups of symbols” per bit. A correction can be made to the definition such that “groups of slots” are formed for each bit when the number of slots is greater than the number of PI time-domain parts (i.e., necessary to resolve Issue#1) and “groups of bits” are formed for each symbol when the number of associated symbols is fewer than the number of PI time-domain parts (i.e., necessary to resolve Issue#2). 
A simple modification can be applied to the current definition in specification to prevent Issue#1 and Issue#2. Desirable bit mapping to symbols is illustrated in Figure 8 and Figure 9 below for the above two examples.
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Figure 8: Desirable bitmap association when Issue#1 is resolved
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Figure 9: Desirable bitmap association when Issue#2 is resolved

The desirable bitmap associations with symbols (as shown in Figure 8 and Figure 9) can be obtained by introducing one-to-one mapping of “a group of bits” per symbol and one-to-one mapping of a bit per “a group of slots”, which respectively resolve Issue#1 and Issue#2. The following parts describe a possible formulation/adjustment in the definition.
· When the value of INT-TF-unit is 0 and the number of symbols  is fewer than the number of time partition bits,  groups of consecutive bits from 14 bits of a field in DCI format 2_1 have a one-to-one mapping with  symbols where each of the first  bit groups includes  bits, each of the last  bit groups includes  bits, a bit group value of 0 indicates transmission to the UE in the corresponding symbol and a bit group value of 1 indicates no transmission to the UE in the corresponding symbol.
· When the value of INT-TF-unit is 0 and the number of slots  on which the  symbols belong is greater than the number of time partition bits, 14 bits of a field in DCI format 2_1 have a one-to-one mapping with  groups of consecutive slots from the set of  slots where each of the first  slot groups includes  slots, each of the last  slot groups includes  slots, a bit value of 0 indicates transmission to the UE in the corresponding slot groups and a bit value of 1 indicates no transmission to the UE in the corresponding slot group.
We propose the following to overcome Issue#1 and Issue#2:
Proposal 6: The association rules between PI field bits and symbols in section 11.2 of TS38.212 should support the following cases:
· One-to-one mapping of “a group of bits” per symbol when the number symbols is fewer than the number of time partitions 
· One-to-one mapping of a bit per “a group of slots” when the number slots is greater than the number of time partitions.
Conclusions
We have made the following observations:

Observation 1: To guarantee that the PI is taken in account in the ACK/NACK of the preempted transmission, a dedicated processing power for the PI is required.
Observation 2: Flushing behavior has similar performance to removing the preempted transmission corrupted LLR transmission without increase in the soft buffer size requirement
Observation 3: Using the PI to derive CB level flushing information has better granularity than the CBGFI feature and less control overhead
Observation 4: “False” preemption indication causes large performance degradation when affecting slots with no actual preemption.
Observation 5: Bitmap design for preemption indication should take into account the slot boundaries during the formation of each symbol group that corresponds to a single indication bit.

We have made the following proposals:

Proposal 1: Taking in account the PI for the ACK/NACK of the preempted transmission shall be left to the UE implementation with no specification requirement
Proposal 2: Support using the PI to derive per user CB-level flushing and the corresponding UE CB-level flushing behavior
Proposal 3: Any further UE actions regarding the handling of the preempted symbols shall be left to UE implementation
Proposal 4: The same indication bit for preemption shall not be mapped to symbols located in different slots.
Proposal 5: The indication bits in time-domain are firstly distributed among the slots before the symbol groups are formed for each slot according to these assigned number of bits.
Proposal 6: The association rules between PI field bits and symbols in section 11.2 of TS38.212 should support the following cases:
· One-to-one mapping of “a group of bits” per symbol when the number symbols is less than the number of time partitions 
· One-to-one mapping of each bit per “a group of slots” when the number slots is larger than the number of time partitions.


------------Begin of Text Proposal for TS38.213 Section 11.2------------
…

The resulting set of symbols in each slot  includes a number of symbols that is denoted as. The first slot with the greatest number of resulting symbols is denoted as slot  that is  for all. The resulting set of all symbols includes a number of symbols that is denoted as. 
The UE is configured the indication granularity for the set of PRBs and for the set of symbols by higher layer parameter INT-TF-unit. If the value of INT-TF-unit is 0, the indication granularity for the set of symbols is 14 that is denoted as . If the value of INT-TF-unit is 1, the indication granularity for the set of symbols is 7 that is denoted as .
The number of assigned indication bits for the set of symbols in slot  wherein  is denoted as  and given by 

, the number of assigned bits for the set of symbols in slot  is given by.
Each of the first  symbol groups in slot  includes ⌉ symbols and each of the last  symbol groups includes  symbols. 




If the value of INT-TF-unit is 0, 14 bits of a field in DCI format 2_1 have a one-to-one mapping with 14 groups of consecutive symbols from the set of symbol groups of each slot symbols where each of the first  symbol groups includes  symbols, each of the last  symbol groups includes  symbols, a bit value of 0 indicates transmission to the UE in the corresponding symbol group and a bit value of 1 indicates no transmission to the UE in the corresponding symbol group. 








If the value of INT-TF-granularity is 1, 7 pairs of bits of a field in the DCI format 2_1 have a one-to-one mapping with 7 groups of consecutive symbols from the set of symbol groups of each slot where each of the first  symbol groups includes  symbols, each of the last  symbol groups includes  symbols, a first bit in a pair of bits for a symbol group is applicable to the subset of first PRBs from the set of  PRBs, a second bit in the pair of bits for the symbol group is applicable to the subset of last  PRBs from the set of  PRBs, a bit value of 0 indicates transmission to the UE in the corresponding symbol group and subset of PRBs, and a bit value of 1 indicates no transmission to the UE in the corresponding symbol group and subset of PRBs.
[bookmark: _GoBack]------------End of Text Proposal for TS38.213 Section 11.2------------
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