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1 Introduction

In the WI on Short TTI and reduced processing [1], reduced processing time for 1ms TTI should be specified. During RAN1#90bis the following agreements were made.

Agreement:
Shortened processing time for 1 ms TTI is configured per CC. The cell carrying the PUCCH should be configured with n+3 timing.

NOTE: In case some issues might be encountered further restrictions can be considered.
Agreement:
Cross-carrier scheduling for short processing time is supported within the same PUCCH group. Both scheduling and scheduled cell shall be configured with short processing time.

In this contribution, we discuss some remaining aspects of reduced processing time. This is a revision of R1-1717156. 
2 Discussion
The configuration of shortened processing time for one and multiple carriers operation have been solved with the agreements made in RAN1#89 and RAN1#90bis. Open issues are mainly for FS3 and for the HARQ feedback procedure when a UE is configured with multiple carriers.

2.1 HARQ feedback procedure with a per CC configuration
In case of per CC configuration of n+3 a PUCCH transmission can contain HARQ feedback for n+4 carriers and n+3 carriers. Consequently, some clarification on the HARQ feedback procedure for different CCs in a PUCCH group having different processing times is required.

In case of fixed HARQ-ACK codebook size, the ACK/NAK bits for all configured carriers are present in the reported HARQ feedback even if a carrier was not scheduled. The bits are set to NAK for carriers that were not scheduled in the corresponding subframe. The current HARQ procedure for FS1 and fixed codebook size works well even with different processing times on different CCs. Only the interpretation of the bit sequence changes. The HARQ feedback corresponding to carriers configured with n+3 in the bit sequence refers to a different DL subframe than the HARQ feedback corresponding to carriers not configured with n+3 in the bit sequence. 
Observation 1 No change is required to the FS1 HARQ feedback procedures in case of non-dynamic HARQ ACK codebook size and different processing time on different CCs 

In case of fixed HARQ-ACK codebook size, the current HARQ procedure for FS2 is appropriate even with different processing times on different CCs. With FS2, already today an UL subframe reports feedback for multiple DL subframes. The number of bits 
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to be reported for the c-th serving cell configured by RRC depends on the number of elements in the Downlink association set [image: image2.wmf]K

 associated with subframe n. For cells configured with n+3 timing, the only change required is to refer to the correct Downlink association set that will be introduced for n+3 timing (which is in section 7.3 of 36.213 at the place where 
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is defined).
Observation 2 Minor change is required to the FS2 HARQ feedback procedure, namely the reference to the DL association set used for determining 
[image: image4.wmf]DL

c

B

, in case of non-dynamic HARQ ACK codebook size and different processing time on different CCs.
Proposal 1 In case of FS2 with non-dynamic HARQ ACK codebook size and different processing time on different CCs, 
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is determined based on the DL association set valid for the considered carrier (which depends on the processing time configured)
In case of dynamic HARQ-ACK codebook size, the DAI field present in the DCI would need to change in case of per CC configuration in order to detect missed assignments for n+4 and n+3 carriers whose HARQ feedback is expected in the same UL subframe. Here also, the methodology used for FS2 can be easily extended for this case and also adapted to FS1. In FS2, the accumulative DAI and the total DAI are increased over two dimensions: the carrier dimension first and the time dimension second. In a given subframe, DAI is increased for each scheduled component carriers, then DAI is further increased in further subframes having HARQ feedback in the considered UL subframe if carriers are scheduled in those further DL subframes as well. The only change required to enable per CC configuration of n+3 is to check in the loop over the carriers c and the DL subframes n-k if this carrier c is expecting HARQ feedback for the DL subframe n-k in the current UL subframe. That way, the accumulative DAI is not increased if HARQ feedback for a carrier is expected in the next UL subframe or has been prepared already in an earlier UL subframe. An example of the change is shown in the annex, section 5. As visible there, the changes are rather minor. 

Observation 3 In case of dynamic HARQ ACK codebook size and per CC configuration of n+3, the DAI variables can be reused and need only to be adapted to refer to the UL subframe where the feedback is sent, instead of the DL subframe.
Observation 4 In case of FS2 with dynamic HARQ ACK codebook size and per CC configuration of n+3, the changes to the DAI variables are minor

Proposal 2 In case of FS2 with dynamic HARQ ACK codebook size and different processing time on different CCs, the DAI counter is updated based on a joint n+3 n+4 DL association set, e.g. as described in Annex 5.
Proposal 3 The DAI counter is increased over the scheduled n+4 carriers and the scheduled n+3 carriers for which HARQ feedback is expected in the same UL subframe. The total DAI is increased over time to capture the fact that n+3 carriers can be scheduled after n+4 carriers.
In case of FS1, a single DL subframe for a given carrier is expecting HARQ feedback in a given UL subframe. In case of FS1 and dynamic HARQ-ACK codebook size, two DL subframes can have HARQ feedback for different carriers in the same UL subframe if a UE is scheduled on consecutive DL subframes with n+3 carriers and n+4 carriers. A similar algorithm as for FS2 can be used where the accumulative DAI is increased over the carriers that are scheduled at the given time and over time (i.e. over the 2 DL subframes that have HARQ feedback in the same UL subframe). The total DAI is also increased in the second subframe if n+3 carriers have been scheduled there. Note that the bit sequence needs to be reshuffled to obtain HARQ bits in increasing order of the cell index if the exact same algorithm as for FS2 is used for FS1. An alternative is to have independent DAI variables for n+3 and n+4 carriers. That means that scheduled n+4 carriers do not affect the DAI included in the DCI of scheduled n+3 carriers (and vice-versa) even though the n+4 and n+3 carriers may expect HARQ feedback in the same UL subframe. In this variant as well, the bit sequence needs to be reshuffled to obtain HARQ bits in increasing order of the cell index.

Observation 5 In case of FS1 with dynamic HARQ ACK codebook size and per CC configuration of n+3, the changes to the DAI variables can be minor but the bit sequence is either different than today or it needs to be reshuffled
Proposal 4 In case of FS1 with dynamic HARQ ACK codebook size and different processing time on different CCs, the DAI counter is increased over the scheduled n+4 carriers and the scheduled n+3 carriers for which HARQ feedback is expected in the same UL subframe. The total DAI is increased over time to capture the fact that n+3 carriers can be scheduled after n+4 carriers.
2.2 Shortened processing time for FS3
Different methods to enable shortened processing time for FS3 were proposed in [2]. Our preference is to follow the legacy procedure as much as possible and change the n+4 timing to n+3 where applicable. Therefore, the proposed option 2 in [2] is preferred (copied below for convenience).
· Option 2. When shortened processing time is configured to a UE, the UE performs a corresponding PUSCH transmission in subframe(s) n+l+k+i, where l = 3 for ‘PUSCH trigger A’ field set to ‘0’ in the corresponding DCIformat 0A/0B/4A/4B and where the value of p+l+k is at least 3 otherwise.

Proposal 5 
For FS3, when shortened processing time is configured to a UE, the UE performs a corresponding PUSCH transmission in subframe(s) n+l+k+i, where l = 3 for ‘PUSCH trigger A’ field set to ‘0’ in the corresponding DCIformat 0A/0B/4A/4B and where the value of p+l+k is at least 3 otherwise
2.3 Removing UL channel interleaver for shortened processing time 

The UL channel interleaver is used to spread the coded information bits in the time and frequency domain, and thereby, increase the robustness of UL data transmission to varying channel conditions, such as deep fades while the user is mobile, or bursty interference. 

One drawback of spreading out the coded information in time is that this prevents UE and eNB to do on‑the‑fly transmission/reception of the UL transport block. That is, it is only after the full block has been encoded/received that the transmitter/receiver can construct the signal to transmit / decode the block.
Observation 6 Removing the interleaving in UL could facilitate reduction in processing time.

The performance impact of removing the channel interleaver has been evaluated in a sensitivity limited scenario. Results were provided in [3]. It was shown that minor demodulation performance degradation is visible at high speed and with high MCS when removing the UL interleaver in a sensitivity limited scenario. Therefore, we have the following proposal for shortened processing time operation.
Proposal 6 Consider removing the UL interleaver for UEs served with 1ms TTI and n+3 timing

3 Conclusion

In section 2 we made the following observations:
Observation 1
No change is required to the FS1 HARQ feedback procedures in case of non-dynamic HARQ ACK codebook size and different processing time on different CCs
Observation 2
Minor change is required to the FS2 HARQ feedback procedure, namely the reference to the DL association set used for determining 
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, in case of non-dynamic HARQ ACK codebook size and different processing time on different CCs.
Observation 3
In case of dynamic HARQ ACK codebook size and per CC configuration of n+3, the DAI variables can be reused and need only to be adapted to refer to the UL subframe where the feedback is sent, instead of the DL subframe.
Observation 4
In case of FS2 with dynamic HARQ ACK codebook size and per CC configuration of n+3, the changes to the DAI variables are minor
Observation 5
In case of FS1 with dynamic HARQ ACK codebook size and per CC configuration of n+3, the changes to the DAI variables can be minor but the bit sequence is either different than today or it needs to be reshuffled
Observation 6
Removing the interleaving in UL could facilitate reduction in processing time.


Based on the discussion in section 2 we propose the following:

Proposal 1
In case of FS2 with non-dynamic HARQ ACK codebook size and different processing time on different CCs, is determined based on the DL association set valid for the considered carrier (which depends on the processing time configured)
Proposal 2
In case of FS2 with dynamic HARQ ACK codebook size and different processing time on different CCs, the DAI counter is updated based on a joint n+3 n+4 DL association set, e.g. as described in Annex 5.
Proposal 3
The DAI counter is increased over the scheduled n+4 carriers and the scheduled n+3 carriers for which HARQ feedback is expected in the same UL subframe. The total DAI is increased over time to capture the fact that n+3 carriers can be scheduled after n+4 carriers.
Proposal 4
In case of FS1 with dynamic HARQ ACK codebook size and different processing time on different CCs, the DAI counter is increased over the scheduled n+4 carriers and the scheduled n+3 carriers for which HARQ feedback is expected in the same UL subframe. The total DAI is increased over time to capture the fact that n+3 carriers can be scheduled after n+4 carriers.
Proposal 5
For FS3, when shortened processing time is configured to a UE, the UE performs a corresponding PUSCH transmission in subframe(s) n+l+k+i, where l = 3 for ‘PUSCH trigger A’ field set to ‘0’ in the corresponding DCIformat 0A/0B/4A/4B and where the value of p+l+k is at least 3 otherwise
Proposal 6
Consider removing the UL interleaver for UEs served with 1ms TTI and n+3 timing
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5 Annex
In the following, possible changes to the HARQ feedback procedure in case of FS2 and dynamic HARQ-ACK codebook size (section 7.3.2.1 in TS36.213) are highlighted in yellow.
If a UE is configured with shortened processing time and with higher layer parameter codebooksizeDetermination-r13 = dai and if the UE transmits HARQ-ACK using PUCCH format 3 or PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determine the 
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 according to the following pseudo-code:
Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

Set 
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in Table xx or 
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in Table yy depending if cell c is configured with shortened processing time or not, for all c = 0 – cell index.
Set 
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Set m = 0 – subframe index: lower index corresponds to earlier subframe within subframe(s)[image: image13.wmf]k
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Set j = 0
Set 
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Set 
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 to the number of cells configured by higher layers for the UE
Set M to the number of subframes within subframe(s) [image: image19.wmf]k
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while m < M
while c < [image: image21.wmf]DL
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if there is a PDSCH on serving cell c in subframe m associated with PDCCH/EPDCCH or there is a PDCCH/EPDCCH indicating downlink SPS release on serving cell c in subframe m,
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j = j+1

end if
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if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a transmission mode supporting two transport blocks in at least one configured serving cell,
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 = HARQ-ACK bit corresponding to the first codeword of this cell
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 = HARQ-ACK bit corresponding to the second codeword of this cell
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elseif the higher layer parameter spatialBundlingPUCCH is set TRUE and the UE is configured with a transmission mode supporting two transport blocks in at least one configured serving cell,

[image: image32.wmf]ACK

V

j

DL

m

c

DAI

C

o

1

4

,

,

~

-

+

-

 = binary AND operation of the HARQ-ACK bits corresponding to the first and second codewords of this cell
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end if

end if
c = c + 1

end while

m = m + 1

end while
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j = j+1

end if
if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a transmission mode supporting two transport blocks in at least one configured serving cell,
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if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a subframe [image: image41.wmf]k
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