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1 Introduction

In RAN1#88, the following agreements were made for dynamic HARQ-ACK timing and HARQ-ACK bundling [1].
Agreement:
· When bundling and/or dynamic ACK timing is configured by RRC, the HD-FDD DL Grant contains the DCI field “HARQ-ACK Delay” which indicates the BL/CE subframes of delay between end of PDSCH and start of ACK/NACK. [36.212: 5.3.3.1.12, 36.213: 7.3.1]
· 3 bits with two ranges configured by a new RRC parameter

· Range 1 {4-11} SF 
· Range 2 {4,5,7,9,11,13,15,17} SF
· UE sends an ACK for the bundle only if [36.213: 7.3.1]
· The number of decoded DL grants corresponding to the bundle equals the “TBs in Bundle” field in the last decoded DL grant in the bundle, and

· All PDSCH’s in the bundle are successfully decoded

· Otherwise, UE sends a NACK
The above agreements were implemented in the editor’s CR to TS 36.213 [2], with the following problems:

· UE Handling of “HARQ-ACK delay” field in the DCI is now only applicable for HARQ-ACK bundling. According to RAN1 agreements, this should also be applicable for dynamic HARQ-ACK timing.

· UE generation of HARQ-ACK bit in the case of HARQ-ACK bundling may be very inefficient in terms of UE power consumption and is vulnerable to the loss of DL grants.
This contribution provides some analysis of these problems and proposes corrections to TS 36.213.
2 Dynamic HARQ-ACK timing
The RAN1 agreements quoted in section 1 were implemented in [2] as follows:
	For a BL/CE UE in half-duplex FDD operation, if the UE is configured with CEModeA, and if the UE is configured with higher layer parameter ce-HarqAckBundling-config.

· for PDSCH transmission in subframe n-k, if the ‘HARQ-ACK bundling flag’ in the corresponding DCI is set to 1, and if the ‘HARQ-ACK delay’ field indicates value k, the UE shall determine the subframe n as the ‘HARQ-ACK transmission subframe’. 

· The HARQ-ACK delay value k is determined from the corresponding DCI based on the higher layer parameter HARQACKDelayType according to Table 7.3.1-2

· for HARQ-ACK transmission in subframe n, the UE shall generate one HARQ-ACK bit by performing a logical AND operation of HARQ-ACKs across all  
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 BL/CE DL subframes for which subframe n is the ‘HARQ-ACK transmission subframe’. 

· if subframe n-k1 is the most recent subframe for which subframe n is the ‘HARQ-ACK transmission subframe’, and if the ‘Transport blocks in a bundle’ field in the corresponding DCI for PDSCH transmission in subframe n-k1 indicates a value other than 
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, the UE shall generate a NACK for HARQ-ACK transmission in subframe n.  

Table 7.3.1-2: HARQ-ACK delay for BL/CE UE in half-duplex FDD operation

‘HARQ-ACK delay’ field in DCI
HARQ-ACK delay value when ‘HARQACKDelayType’ set to 0
HARQ-ACK delay value when ‘HARQACKDelayType’ set to 1
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Figure 1  Dynamic HARQ-ACK timing and HARQ-ACK bundling in [2]
It can be seen that handling of “HARQ-ACK” delay field in DCI for dynamic HARQ-ACK timing (i.e. when higher layer parameter ce-schedulingEnhancement-config is configured) is missing. The proposed change is to move the first main bullet and its sub-bullet to a new paragraph and make them applicable for both dynamic HARQ-ACK timing and HARQ-ACK bundling (see Annex A for the detailed changes).
3 HARQ-ACK bundling
The following two bullets in [2] are related to UE generation of HARQ-ACK bit in case of HARQ-ACK bundling:

	· for HARQ-ACK transmission in subframe n, the UE shall generate one HARQ-ACK bit by performing a logical AND operation of HARQ-ACKs across all  
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 BL/CE DL subframes for which subframe n is the ‘HARQ-ACK transmission subframe’. 

· if subframe n-k1 is the most recent subframe for which subframe n is the ‘HARQ-ACK transmission subframe’, and if the ‘Transport blocks in a bundle’ field in the corresponding DCI for PDSCH transmission in subframe n-k1 indicates a value other than 
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, the UE shall generate a NACK for HARQ-ACK transmission in subframe n. 


Figure 2  Text in [2] related to UE generation of HARQ-ACK bit in case of HARQ-ACK bundling
The first bullet says the UE collects DL grants for a bundle (i.e. DL grants with “HARQ-ACK delay” field pointing to the same HARQ-ACK transmission subframe 
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) until it finds all 
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) such DL grants, and then generates the HARQ-ACK bit by using a logical AND operation for the HARQ-ACKs of the PDSCH TBs scheduled by these DL grants. It can be seen that the UE cannot determine the value of 
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 until after it decodes subframe 
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 for MPDCCH (because the smallest HARQ-ACK delay value is 4 subframes), or until the detected DL grants for the bundle reach the upper limit of 
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, whichever comes first. 
The second bullet says if the UE finds, in the last (i.e. the 
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th) decoded DL grant for the bundle, that the “Transport blocks in a bundle” field is not equal to 
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, it directly generates a NACK instead. The comparison of the DCI field and 
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 cannot be done until the constant 
[image: image14.wmf]M

 is determined, i.e. until after the UE decodes subframe 
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 for MPDCCH, or until the detected DL grants for the bundle reach the upper limit of 
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, whichever comes first.
The intention of the RAN1 agreement on HARQ-ACK bundle termination as quoted in section 1 was to give the eNB the flexibility to dynamically add/remove PDSCH TBs to/from a bundle during a bundled transmission. This is achieved by allowing the eNB to change the “Transport blocks in a bundle” field per DL grant and and defer the setting of the final bundle size to the last DL grant for the bundle. Therefore, the UE can determine whether a DL grant is the last DL grant for the bundle (i.e. determine the value of 
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) by simply checking, in each received DL grant for the bundle, whether “Transport blocks in a bundle” field is equal to the total number of DL grants detected so far for the bundle. However, with the above implementation in [2], the UE has to wait until the last potential DL grant for the bundle (i.e. potential DL grant indicating the smallest “HARQ-ACK delay” of 4ms for the bundle) has passed to ensure that it has found the last DL grant for the bundle. This may be very inefficient in terms of UE power consumption. 
For example, in Figure 3, when the UE finds 
[image: image18.wmf]N

B

=

 in subframe 
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, it should have already known that this is the last DL grant of the bundle so there is no point in further detecting MPDCCH for that bundle. However, according to [3], the UE has to continue detecting MPDCCH until after subframe 
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 when it finally determines that 
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Figure 3  Unnecessary delay in confirming the value of M

Another problem with the implementation in [2] is the vulnerability due to no restriction in setting the “Transport blocks in a bundle” field (
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) in other than the last DL grant for the bundle. Taking Figure 3 as an example, if the eNB somehow sets 
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 in the DL grant in subframe 2, then there is no problem if the UE successfully decodes all 3 DL grants because it will anyway ignore the value of 
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 in other than the 3rd DL grant. However, if the UE loses the 3rd DL grant, it will regard the 2nd DL grant as the final one for the bundle and may erroneously generate an ACK.
The correct procedure for HARQ-ACK bit generation should be as follows (see Annex A for the detailed changes),

· For each detected DL grant for a bundle, compare the “Transport blocks in a bundle” field (
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) against the total number of DL grants detected so far for the bundle (
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).
· If 
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 then take the current DL grant as the last DL grant for the bundle and generate the HARQ-ACK bit by a logical AND operation of all HARQ-ACKs for the PDSCH TBs in the bundle.
· Else if the last potential DL grant for the bundle (i.e. potential DL grant indicating the smallest “HARQ-ACK delay” of 4ms for the bundle) has passed and no HARQ-ACK bit has been generated, generate a NACK.
4 Conclusion
In this contribution, some problems in implementation of dynamic HARQ-ACK timing and HARQ-ACK bundling are analyzed, and the corresponding changes are proposed in Annex A, with corresponding CR in [3]. 

Proposal: Adopt the changes to TS 36.213 in Annex A.
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Annex A. Proposed changes to TS 36.213

< Unchanged parts are omitted >

7.3.1
FDD HARQ-ACK reporting procedure

< Unchanged parts are omitted >

Table 7.3.1-1: Value of counter DAI and total DAI

	DAI
MSB, LSB
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	Number of serving cells with PDSCH transmission associated with PDCCH/EPDCCH and serving cell with PDCCH/EPDCCH indicating DL SPS release

	0,0
	1
	1 or 5 or 9 or 13 or 17 or 21 or 25 or 29

	0,1
	2
	2 or 6 or 10 or 14 or 18 or 22 or 26 or 30

	1,0
	3
	3 or 7 or 11 or 15 or 19 or 23 or 27 or 31

	1,1
	4
	0 or 4 or 8 or 12 or 16 or 20 or 24 or 28 or 32


If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = cc and if the UE transmits HARQ-ACK using PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determine the 
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 according to the pseudo-code in Subclause 5.2.3.1 in [4].
For a UE configured with higher layer parameter codebooksizeDetermination-r13 = cc, if the UE transmits HARQ-ACK on PUSCH in a subframe, the UE shall determine the 
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 according to the pseudo-code in Subclause 5.2.2.6 in [4].
For a BL/CE UE, if the UE is in half-duplex FDD operation and is configured with CEModeA and higher layer parameter ce-HarqAckBundling-config, or if the UE is configured with higher layer parameter ce-schedulingEnhancement-config,
· for PDSCH transmission in subframe n-k, if the ‘HARQ-ACK delay’ field in the corresponding DCI indicates value k, the UE shall determine the subframe n as the HARQ-ACK transmission subframe. 

· the HARQ-ACK delay value k is determined from the corresponding DCI based on the higher layer parameter HARQACKDelayType according to Table 7.3.1-2.
For a BL/CE UE in half-duplex FDD operation, if the UE is configured with CEModeA, and if the UE is configured with higher layer parameter ce-HarqAckBundling-config.

-
for each PDSCH transmission in subframe n-k for which subframe n is the ‘HARQ-ACK transmission subframe’,
-
if subframe n-k is the 
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th subframe (
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) for which subframe n is the ‘HARQ-ACK transmission subframe’, and if the ‘Transport blocks in a bundle’ field in the corresponding DCI for PDSCH transmission in subframe n-k indicates a value of 
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, the UE shall generate one HARQ-ACK bit for HARQ-ACK transmission in subframe n by performing a logical AND operation of HARQ-ACKs across all 
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 BL/CE DL subframes.
-
otherwise, if 
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 and no HARQ-ACK bit has been generated for HARQ-ACK transmission in subframe n, the UE shall generate a NACK for HARQ-ACK transmission in subframe n.

Table 7.3.1-2: HARQ-ACK delay for BL/CE UE in half-duplex FDD operation

	‘HARQ-ACK delay’ field in DCI
	HARQ-ACK delay value when ‘HARQACKDelayType’ set to 0
	HARQ-ACK delay value when ‘HARQACKDelayType’ set to 1

	000
	4
	4

	001
	5
	5

	010
	7
	6

	011
	9
	7

	100
	11
	8

	101
	13
	9

	110
	15
	10

	111
	17
	11


< Unchanged parts are omitted >
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