3GPP TSG-RAN1#83
              R1-157098
Anaheim, USA, 16 November – 20 November 2015
Source: 
ETRI
Title: 
Enhanced codebook signaling method using CRC as total DAI
Agenda Item:
6.2.2.1.2
Document for:
Discussion / Decision
1. Introduction
In the RAN1 #82bis meeting, agreements have been made to dynamically determine HARQ-ACK codeword size for aggregation up to 32 carriers.  The aggrements made so far are listed as follows [1]:

Agreements:
· eNodeB can configure by RRC signaling an eCA UE to determine HARQ-ACK codebook size according to either (a) or (b) as follows:
· Solution (a):

· DAI based solution is supported for dynamic HARQ-ACK codebook:
· Counter DAI in each DL assignment of one CG are used to HARQ-ACK codebook order.
·  Counter DAI is incremented in frequency-first-time-second manner for TDD PUCCH CG.
· Counter DAI is incremented in carrier index  for FDD PUCCH CG
· FFS: Number of bit for counter DAI
· FFS: Total DAI in each DL assignment of one CG is to indicate the total codebook size in the current subframe for the corresponding FDD PUCCH CG, up to present subframe within a bundling window for corresponding TDD PUCCH CG.
· FFS:UL DAI in UL grant is  used to indicate the total codebook size within bundling window(Keep the same function in Rel-12);UL grant with UL DAI can be triggered by eNB if  it is deemed necessary to further ensure the common understand between UE and eNB on the total codebook size 
· FFS: Granularity of codebook
· Solution (b):

· An eCA UE determines HARQ-ACK codebook size according to the number of configured CCs (i.e. as in Rel-12)

· Fallback to PUCCH format 1a/b is supported as in Rel-12
· No additional spec impact is needed specifically for solution (b)

· Both solution (a) and solution (b) are mandatory feature as UE capability from RAN1 recommendation point of views for UEs supporting more than 5 CCs
In this contribution, we propose a new total DAI representation method in each DL assignment of one CG to indicate the total codebook size, which is uniquely identified by the CRC output of corresponding codebook size.  The proposed scheme does not involve any extra overheads, while it offers some added level of enhanced robustness/recovery to DL codebook signaling in cases of missed DCI detection(s) occurrs. 
2. Codebook indicator using counter/total DAI
2.1. Added robustness in addition to function of indicating total codebook size 
As discussed in RAN1 #82bis, the counter DAI was agreed to be used to indicate the order of HARQ-ACK codebook.  However, the concept of total DAI was left as FFS due to uncertainty whether it really helps the UE figure out some of the missed DCI detection occurred at the UE side or not, if exists.  One of the problems of total DAI presented in [2] is the case when one (or more) of the DAIs in the last five scheduled CCs is (are) undetected.  Since the UE does not have any clue on exactly which CC’s scheuduling is (are) undetected, all of the last five CCs shall to be responded as NACKs, despite in case four DAIs in the total DAI region are detected correctly.  This can be brought up as one of many weaknesses of adapting total DAI to indicate the total codebook size.  

Observation 1: If the total DAI signaling method is restricted to be represented as same repeated number of 2-bit DAIs, there is a risk involved with undetected DAIs belonging to the total DAI region.  If one (or more) DAI(s) belonging to total DAI region is undetected, all of the DAIs representing total DAI region are regarded as NACKs by the intended UE.  
To resolve such issue, modification to total DAI signalling can be considered.  One althernative candidate for signaling total DAI could be 8-bit CRC result.  By adopting the CRC output as total DAI, some level of robustness can be provided.  This can be particularly helpful for UE to determine the intended codebook size sent from eNB, if some mismatch between transmitted DAI set v.s. received DAI set is occurred due to missed detection of DCI(s).  

2.2. Determination of 8 bit CRC output by number of scheduled carriers 
The polynomial representation of 
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 is shown in figure 1.  The initial state of shift registers in CRC is fixed to all ‘1’.  The length of input bits to CRC is proportional to the exact number of scheduled CCs, if the number of scheduled CCs is equal to or higher than four.  The relation of input bits (as a function of scheduled CCs) to CRC output is shown in Table 1.  
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Figure 1 structure of 8 bit CRC
If the scheduled CCs are less than 4, there is no CRC output signalled via DAIs, and only counter DAI part is signalled.  However if scheduled CCs are equal to or more than 4, the total DAI is signalled along with counter DAI part.  Note that if the number of scheduled CCs is exactly 4, no counter DAI is signalled via any of the the DCIs, as shown in Table 1.

Counter + total DAI portion is double checked by the CRC output signalling in total DAI portion.  The CRC output part is unique and interpretated as an identity in the sense of representing the exact codebook size such that no overlapping CRC output is found across any other codebook sizes.  Therefore, the CRC DAI portion directly indicates how many number of CCs are scheduled, which is a unique representation of 8 bit identifier.  

As menetioned previously, some level of robustness can be provided by adopting the CRC output as total DAI, and a few examples describing recovery mechanism will be discussed in the following sub sections.
Table 1 generation and signaling of counter/total DAI bits
	#CCs
	CRC input
	CRC output
	Counter/total DAI signaling from eNB
(CRC bit reversed)

	1
	N/A
	N/A
	00

	2
	N/A
	N/A
	0001

	3
	N/A
	N/A
	000110

	4
	11111111
	00000000
	00000000 

	5
	111111111
	10011011
	1101100100

	6
	1111111111
	00110110
	011011000001

	7
	11111111111
	11110111
	11101111000110

	8
	111111111111
	11101110
	0111011100011011

	9
	1111111111111
	11011100
	001110110001101100

	10
	11111111111111
	10111000
	00011101000110110001

	11
	111111111111111
	01110000
	0000111000011011000110

	12
	1111111111111111
	01111011
	110111100001101100011011

	13
	11111111111111111
	01101101
	10110110000110110001101100

	14
	111111111111111111
	01000001
	1000001000011011000110110001

	15
	1111111111111111111
	00011001
	100110000001101100011011000110

	16
	11111111111111111111
	10101001
	10010101000110110001101100011011

	…
	…
	…
	…

	32
	111111111111111111111111111111111111
	10001011
	1101000100011011000110110001101100011011000110110001101100011011

	…
	…
	…
	…

	64
	11111111111111111111111111111111111111111111111111111111111111111111
	01000111
	11100010000110110001101100011011000110110001101100011011000110110001101100011011000110110001101100011011000110110001101100011011


2.2.1. Case when some counter DAIs are undetected (including the last CC’s DAI)
An example of HARQ A/N codebook determination is shown in figure 2, when some of the counter DAIs are missing, including the last CC’s DAI.  In this example, the eNB’s intended codebook size is 9 ACK/NACKs, despite having 13 CCs activated.  In this example, the eNB decides not to assign DL traffic at CC3, CC8, and CC11, and then chooses ‘11011100’ as a CRC check result, as indicated in Table 1.  The eNB bit reverses the CRC check result and sends it via CC1, CC2, CC4 and CC5 to represent the corresponding total DAI.  After transmission through multipath fading channel, the intended UE unfortunately misses two DCIs, in this example.  
The scheuduled UE decides CRC portion matches one of 13 candidates (#CCs 1 ~ #CCs 13) in the library found in Table 1.  At the same time, however, the UE detects that the structre of the counter DAI part is corrupted by simply comparing the counted number of counter DAI portion to the CRC part.  Since the detected bit sequence in the CRC part (shaded boxes in the lower portion of detected DCIs) is ‘00111011’, UE concludes that two DAIs in CC9 and CC13 (logically the sixth and nineth DAI) are missing.  Finally the UE determines that the intended codebook size is 9, and then sends ACK/NACKs corresponding to the ascending order of scheduled CCs.
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Figure 2 Example of codebook determination by UE when counter DAI portion is corrupted
2.2.2.  Case when one of the CRC (total) DAI is undetected
An example of HARQ A/N codebook determination is shown in figure 3, when one of the CRC DAIs is missing.  In this example, the eNB’s intended codebook size is 9 ACK/NACKs, despite having 13 CCs activated.  After transmission, the intended UE decodes 8 DCIs but missed one DCI at CC 4.  We assume that the number of missed DCIs in the CRC DAI portion is limited to one, in this example.  The miss-detected DCI at CC 4 is, however, part of CRC DAI.  Thus, the UE immediately founds out that the received CRC (shaded part of detected DCIs: CC1, CC2, CC5 and CC7) is not in the list equal to or lower than #CCs 13, shown in Table 1.  
Then, the UE examines the integrity of counter DAI part.  If no errors are seem to be found in the counter DAI part, in terms of counter DAI pattern, the UE tries to find a correct CRC with first three DAIs (CC1, CC2, and CC5).  Assuming that there is only one miss-detected DCI in the total DAI region, UE re-interpretates received DAI at CC 7 as one of DAIs belonging to counter DAI region.  
The UE tries to find CRC DAIs with matching pattern, while preserving the order of ‘00’, ‘11’, and ‘11’.  Thus, there are 4 possibilities of the missed DAI location, which can be represented as “xx001111”, “00xx1111”, “0011xx11”, or “001111xx”.  With the given three DAIs, the UE determines that CRC pattern for #CCs = 9 matches well, and decides that there was a missed detection between CC2 and CC5 CC4 (logically the third DAI).  Although the missed DCI is specified to be the third DAI in this example, there is an equal possibility that missed DCI happens in other CCs belonging to the total DAI region.  
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Figure 3 Example of codebook determination rule by UE when CRC (total) DAI portion is corrupted (missed)
2.2.3.  Case when some of the DAIs belonging to both CRC and counter DAI are undetected
An example of HARQ A/N codebook determination is shown in figure 4, when some of the CRC DAIs are missing in both CRC and counter DAI region.  In this example, the eNB’s intended codebook size is 9 ACK/NACKs, despite having 13 CCs activated.  After transmission, the intended UE decodes 7 DCIs, but missed two DCIs at CC 1 and CC 9. The UE founds out that the received CRC (shaded part of detected DCIs: CC2, CC4, CC5 and CC7) DAI is not in the list equal to or lower than #CCs 13, shown in Table 1.  Then, the UE checks the integrity of counter DAI part, and detects error, because the first counter DAI does not start with ‘00’.  Therefore, UE can conclude that the codebook size is somewhere in between #CCs 8 and #CCs 13.  
Assuming that there is only one miss-detected DCI in the total DAI region, UE re-interpretates received DAI at CC 7 as one of DAIs belonging to counter DAI region.  After categorizing regions whether a DAI belongs to CRC or not, UE tries to find a matching pattern closest to the CRC DAI listed in Table 1, while preserving the order of ‘11’, ‘10’, and ‘11’.  There are 4 possibilities of the missed DAI location, which can be represented as “xx111011”, “11xx1011”, “1110xx11”, or “111011xx”.  As the UE finds out the best matching pattern (#CCs larger than 7, but smaller than 14) is codebook size #CCs 9, the UE decides there are two miss detected DAIs at CC1 and CC 9 (logically the first DAI and the sixth CC).
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Figure 4 Example of codebook determination rule by UE when both CRC (total) and counter DAI portion is corrupted (missed)
Given the fact that there is always going to be knowledge of number of activated CCs, the number of detected DAIs, and the apriori knowledge of unique CRC identifier representing number of scheduled CCs, the proposed signalling and determination method clearly has merits compared to signalling identical 2-bit DAIs across the total DAI region.  The propose method can be easily extended to TDD configuration by simply keeping the frequency-first and time-last rule, since there is essentially no difference between FDD and TDD cases, in terms of determining the codebook size.
Based on the descriptions above, we conclude this contribution with the following proposal:
Proposal 1: Total DAI can be useful for adding some level of robustness to signalling HARQ-ACK codebook size.  8 bit CRC output corresponding to the number of CCs is an effective signaling of total DAI rather than sending identical DAIs for the total DAI portion.  

3. Conclusion

An enhanced solution to HARQ-ACK codebook signalling and determination rule based on counter/total DAI was presented in this contribution.  The followings are our observations and proposal: 

Observation 1: If the total DAI signaling method is restricted to be represented as same repeated number of 2-bit DAIs, there is a risk involved with undetected DAIs belonging to the total DAI region.  If one (or more) DAI(s) belonging to total DAI region is undetected, all of the DAIs representing total DAI region are responded as NACKs by the intended UE.  
Proposal 1: Total DAI can be useful for adding some level of robustness to signalling dynamically changing HARQ-ACK codebook size.  8 bit CRC output corresponding to the number of CCs is an effective signature/signalling of total DAI rather than sending identical DAIs for the total DAI portion.  
4
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