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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#86 the following agreements were made.

· For FS1,2&3, a minimum timing n+3 is supported for UL grant to UL data and for DL data to DL HARQ for UEs capable of operating with reduced processing time with only the following conditions: 

· A maximum TA is reduced to x ms, where x <= 0.33ms (exact value FFS); 

· At least when scheduled by PDCCH 

· Reduced processing time(s) are RRC configured for the UE

During RAN1#89 the following agreements were made.

· For 1ms TTI, shortened processing times between UL grant and UL data and between DL data and DL HARQ feedback for one carrier are jointly configured.

Down-select between alt 1 and alt 2:

· Alt 1: Shortened processing time for 1 ms TTI is configured per CC. The cell carrying the PUCCH should be configured with n+3 timing
· Alt 2: Shortened processing time for 1 ms TTI is configured per PUCCH group
Agreement:
· The UE capability of reduced processing time for 1 ms TTI is separately reported for FS1, FS2 and FS3

In this contribution, we discuss some aspects of the RRC configuration of reduced processing time. This is a revision of R1-1712885. 
2 Discussion
The configuration of shortened processing time for one carrier operation has been solved with the agreement made in RAN1#89. Open issues are mainly for the case where a UE is configured with multiple carriers.

With shortened processing time, the HARQ feedback for a PDSCH sent in subframe n can be reported in the UL subframe n+3. HARQ feedback timing includes detecting the DL assignment, decoding of the DL data transmission on a given cell and preparing the UL HARQ feedback transmission on the PUCCH cell that can be different from the DL cell. To ensure a shorter HARQ feedback timing, both cells should support the shortened processing time feature. A pre-requisite is thus that shortened processing time is configured in the PUCCH cell.

Proposal 1 Shortened processing time is configured in the cell where PUCCH is transmitted

In case of cross-carrier scheduling, the DL assignment/UL grant is sent on a different carrier than the scheduled carrier. If the scheduled carrier is configured with shortened processing time, the scheduling carrier should also be configured with shortened processing time in order to ensure the shorter timing can be realized. A cell of shortened processing time could cross-carrier schedule a cell with regular processing time. However, coupling the carrier where the assignment/grant is received and the applicable processing time is a simple relationship with an acceptable limitation. 

Proposal 2 A cross-carrier scheduled cell and its scheduling cell have the same configured processing time
Shortened processing time is in general beneficial to operate with the assumption that there is no restriction associated with it. The current restriction in the agreement made in RAN1#86 relates to the operated TA. In case of carrier aggregation and a remote radio head scenario, some cells could have a larger TA than some of the other aggregated cells. To allow operation in such scenarios it would consequently be beneficial to allow configuration of shortened processing time per carrier. 
Some concerns were expressed regarding a complicated HARQ feedback procedure and imbalanced HARQ feedback payload in case of different CCs in a PUCCH group having different processing time. An analysis is made in sections 2.1 and 2.2 for these two issues. The analysis shows that:
1. the changes required to the existing HARQ feedback procedure to enable the per CC configuration of n+3 are minor, 

2. the HARQ payload imbalance issue is not acute and the improvement potential of changing the agreed table for 1ms TTI n+3 is minor.
Consequently, considering the flexibility it offers to the eNB, a per CC configuration of shortened processing time for 1ms TTI should be adopted.

Proposal 3 Shortened processing time is configured separately for different cells 
Proposal 4 Shortened processing time can be configured on a per cell basis for DL-only cell(s)

2.1 HARQ feedback procedure with a per CC configuration
Some concerns were expressed regarding complications for HARQ feedback of different CCs in a PUCCH group having different processing time. An analysis is made in the following.
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 only change for FS1 is how to interpret the bit sequence. 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. The change is also straight forward for FS2 where 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.
Observation 1 Changes required to the FS1 and FS2 HARQ feedback procedures in case of non-dynamic HARQ ACK codebook size for the per CC configuration of n+3 are minor
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 2 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 3 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
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 4 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
2.2 HARQ feedback payload distribution with a per CC configuration

Some concerns were expressed regarding imbalanced HARQ payload distribution over the available UL subframes in FS2 in case of different CCs in a PUCCH group having different processing time. An analysis is made in the following.
The HARQ timing for FS2 1ms TTI n+4 (legacy operation) is given by the specified table copied below.
Table 10.1.3.1-1 of TS36.213: Downlink association set [image: image3.wmf]K
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	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	3
	-
	-
	7, 6, 11
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


For FS2 1ms TTI with n+3 timing the HARQ timing is given by the agreed table copied below. Note that the order of the numbers in the table is still FFS.
Table 1
Downlink association set for FS2 1ms TTI with n+3 minimum timing

	UL-DL
Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	-
	3
	3
	-
	-
	-
	3
	3

	1
	-
	-
	6, 3
	3
	-
	-
	-
	6, 3
	3
	-

	2
	-
	-
	7, 6, 4, 3
	-
	-
	-
	-
	7, 6, 4, 3
	-
	-

	3
	-
	-
	7, 6, 5
	5, 4
	4, 3
	-
	-
	-
	-
	-

	4
	-
	-
	11, 8, 7, 6
	6, 5, 4, 3
	-
	-
	-
	-
	-
	-

	5
	-
	-
	12, 9, 8, 7, 5, 4, 3, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	6
	4
	4
	-
	-
	6
	3
	-


In case of carrier aggregation of two carriers, one with n+4 timing and one with n+3 timing, the UL subframes should carry HARQ feedback for the DL subframes as shown in the table below. It is a merge of the two previous tables where the HARQ feedback for the carrier having a n+3 timing is coloured in red and the feedback for the carrier having a n+4 timing is in black.
Table 2
Effective downlink association set for FS2 in case of CA with one carrier with legacy timing and one carrier with shortened processing time
	UL-DL
Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	3
	4, 3
	-
	-
	6
	3
	4, 3

	1
	-
	-
	{7,6} {6, 3}
	4, 3
	-
	-
	-
	{7, 6}, {6, 3}
	4, 3
	-

	2
	-
	-
	{8, 7, 4, 6}, {7, 6, 4, 3}
	-
	-
	-
	-
	{8, 7, 4, 6}, 

{7, 6, 4, 3}
	-
	-

	3
	-
	-
	{7, 6, 11}, {7, 6, 5}
	{6, 5}, {5, 4}
	{5,4}, {4, 3}
	-
	-
	-
	-
	-

	4
	-
	-
	{12, 8, 7, 11}, {11, 8, 7, 6}
	{6, 5, 4, 7}, {6, 5, 4, 3}
	-
	-
	-
	-
	-
	-

	5
	-
	-
	{13, 12, 9, 8, 7, 5, 4, 11, 6}, {12, 9, 8, 7, 5, 4, 3, 11, 6}
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7, 6
	7, 4
	5, 4
	-
	-
	7, 6
	7, 3
	-


The concern expressed with per CC configuration was that the effective DL HARQ timing table as shown in Table 2 becomes suboptimal in terms of HARQ payload balancing, with some UL subframes being highly loaded and others lowly loaded. A different agreement could have been made regarding the HARQ timing table for 1ms TTI n+3 if the per CC configuration was considered from the start.
One can see from Table 2 that it is not possible to improve further the HARQ payload balancing for TDD UL/DL configurations 0, 2, 4, 5, 6.
Observation 5 The HARQ payload imbalance issue only affects TDD UL/DL configuration 1 and 3
TDD UL/DL configuration 1 could have been improved to transfer the HARQ feedback of one of the (n+3) DL subframes of subframe 2 to subframe 3. And the same for subframes 7 and 8. Looking at Table 2, the HARQ payload distribution over the four available UL subframes for TDD UL/DL configuration 1 is 4,2,4,2. It could have been 3,3,3,3. However, doing this increases the HARQ feedback delay for 2 DL subframes by 1ms.
TDD UL/DL configuration 3 could have been similarly improved at the cost of a longer HARQ feedback delay to achieve a HARQ payload distribution over the three available UL subframes of 5,5,4 instead of the 6,4,4 shown in Table 2. 
Observation 6 The improvement potential of a different HARQ feedback timing table for 1ms TTI n+3 is a reduction of only one DL subframe in two, resp. one, UL subframes for TDD UL/DL configuration 3, resp.  5.
3 Conclusion

In section 2 we made the following observations:
Observation 1
Changes required to the FS1 and FS2 HARQ feedback procedures in case of non-dynamic HARQ ACK codebook size for the per CC configuration of n+3 are minor
Observation 2
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 3
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 4
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 5
The HARQ payload imbalance issue only affects TDD UL/DL configuration 1 and 3
Observation 6
The improvement potential of a different HARQ feedback timing table for 1ms TTI n+3 is a reduction of only one DL subframe in two, resp. one, UL subframes for TDD UL/DL configuration 3, resp.  5.


Based on the discussion in section 2 we propose the following:
Proposal 1
Shortened processing time is configured in the cell where PUCCH is transmitted
Proposal 2
A cross-carrier scheduled cell and its scheduling cell have the same configured processing time
Proposal 3
Shortened processing time is configured separately for different cells
Proposal 4
Shortened processing time can be configured on a per cell basis for DL-only cell(s)


4 References

[1] RP-161299, New Work Item on shortened TTI and processing time for LTE, Ericsson, RAN#72, June 2016.
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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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.
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Set m = 0 – subframe index: lower index corresponds to earlier subframe within subframe(s)[image: image10.wmf]k
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Set M to the number of subframes within subframe(s) [image: image16.wmf]k
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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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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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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,
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end if
c = c + 1

end while

m = m + 1

end while
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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: image38.wmf]k
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