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1 Introduction
In the RAN1 #84 meeting, correction on HARQ-ACK bit concatenation for PUCCH format 4 and 5 [1] was agreed. However, the specification texts in TS36.212 and TS36.213 are overlapping for HARQ-ACK bit ordering in case of semi-static codebook configuration, see Appendix. For TDD, the specification texts are even conflicting technically and the TS36.213 results in a different behaviour than what is used in Rel-12, which is contained in TS36.212. Therefore, the HARQ-ACK bit ordering in 36.213for TDD in case of semi-static codebook configuration is not consistent with the following agreement achieved in RAN1 #82bis meeting as a new behaviour is introduced:
· 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):

· …(for dynamic HARQ-ACK codebook, omitted here)
· 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
There are two alternatives for resolving this issue:
· Alternative 1: Use the pseudo code in TS36.213 and remove the corresponding part in TS 36.212. With this approach, the TDD HARQ-ACK bit order with semi-static HARQ-ACK codebook is not dependent on the DL DAI value, i.e., it is a new behaviour.

· Alternative 2: Use the pseudo code in TS36.212 and remove the corresponding part in TS 36.213. With this approach, the TDD HARQ-ACK bit order with semi-static HARQ-ACK codebook follows the legacy behaviour and is dependent on the DL DAI value. For TDD, the parameters 
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need to be defined for PUCCH format 4/5 in a similar way as for PUCCH format 3.
Our view is that Alternative 1 is not in accordance with the agreements for solution (b) and that a new behaviour is unjustified. Several comments were raised in [2] but had not been discussed in detail. In this contribution, the HARQ-ACK ordering for FDD and TDD in case of semi-static codebook configuration is further analyzed and some evaluation is also provided. Further corrections on HARQ-ACK bit are proposed in this contribution. An accompanying CR is provided in [3]. 
2 HARQ-ACK bit ordering for FDD 
For FDD, the specification texts in TS36.212 and TS36.213 result in the same behavior, i.e., the HARQ-ACK bits are ordered according to the cell index regardless the serving cell being scheduled or not. The number of HARQ-ACK bits in each serving cell depends on the maximum number of transport blocks supported by the transmission mode configured in this cell. An example of HARQ-ACK codebook generation for FDD is shown in Figure 1. The parameter TMMaxCW in the figure denotes the maximum number of transport blocks supported by the transmission mode configured to the serving cell.
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Figure 1. Example of HARQ-ACK bit ordering for FDD in case of semi-static codebook configuration.
The description in TS36.212 is concise and efficiently reuses text for PUCCH format 3 and PUCCH format 4/5. Furthermore, it should be also pointed out that handling of the HARQ-ACK bit for DL SPS PDSCH without corresponding PDCCH/EPDCCH is included in TS36.212 but it is omitted in the agreed pseudo code in TS36.213, which is an issue also discussed in another contribution [4] in case of dynamic codebook configuration. Hence, Alternative 2 is preferred.
Proposal 1: For FDD, the description of semi-static HARQ-ACK codebook determination for PUCCH format 4/5 in TS 36.213 is removed and that in TS 36.212 is kept.
3 HARQ-ACK bit ordering for TDD 

For TDD, the specification texts in TS36.212 and TS36.213 do not result in the same behavior. Alternative 2 follows the HARQ-ACK bit ordering principle for PUCCH format 3 while Alternative 1 introduces a new behavior. 
The arrangement of HARQ-ACK bit ordering for TDD is illustrated in Figure 2 for Alternative 2.
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Figure 2. Example of HARQ-ACK bit ordering for PUCCH format 4/5 following the principle of Rel-12.
In this example, 6 configured CCs are assumed and for simplicity only one transport block is supported for each serving cell. It can be seen that the HARQ-ACK bits are first arranged in subframes of each serving cell then concatenated in serving cells according to the cell index. In each cell the HARQ-ACK bit allocation depends on the DL DAI value (DAI value in DL assignment). The HARQ-ACK bit for DL SPS PDSCH without corresponding PDCCH/EPDCCH is located at the end of HARQ-ACK bit on PCell.

According to Alternative 1, the arrangement of HARQ-ACK bit ordering for TDD is illustrated in Figure 3. A totally different HARQ-ACK bit ordering is used between PUCCH format 4/5 and PUCCH format 3 in case of semi-static codebook configuration.
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Figure 3 Example of HARQ-ACK codebook according to the pseudo code in TS 36.213
It can be seen that the HARQ-ACK bits are first arranged in serving cells according to the cell index at each subframe. Then the HARQ-ACK bits for each subframe are concatenated. DL DAI value is not involved in this alternative.
It should also be pointed out that the HARQ-ACK bit for DL SPS PDSCH without corresponding PDCCH/EPDCCH is not considered in Alternative 1. All valid HARQ-ACK bits considered are under the condition of “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”.
Observation 1: HARQ-ACK bit ordering with Alternative 2 follows the Rel-12 principle but a new bit ordering is used with Alternative 1.

Observation 2: HARQ-ACK bit for DL SPS PDSCH without corresponding PDCCH/EPDCCH is captured with Alternative 2 but is omitted with Alternative 1.
Furthermore, considering the complexity of the specification text, the description for Alternative 2 is unified for the cases of the same and different TDD UL/DL configurations. Separate descriptions are needed for the same and different TDD UL/DL configurations for Alternative 1.
4 Evaluation on HARQ-ACK bit ordering for TDD

It can be seen that for Alternative 2, the HARQ-ACK bit containing the useful ACK/NACK information are located in the beginning of the bit positions within the HARQ-ACK codebook for each serving cell, since the bit ordering is dependent on the DL DAI. For Alternative 1, the HARQ-ACK bit ordering is independent of the DL DAI and the useful ACK/NACK bit positions are not grouped together. 
Giving a simple example, it is assumed that 6 CCs are configured and the TDD feedback window size M is 3. SchedulingMap shown below gives the information of scheduling status of each serving cells within TDD feedback window. ‘1’ denotes that this {serving cell-subframe}-pair is scheduled. ‘0’ denotes that this {serving cell-subframe}-pair is not scheduled.
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If all the scheduled PDSCHs are decoded correctly, the HARQ-ACK bits with Alternative 1 and Alternative 2 are as follows:
HARQ-ACK bit with Alt. 1 :{1    1     0     1     1     0     1     1     1     1     1     1     0     1     0     0     1     1};

HARQ-ACK bit with Alt. 2: {1    1     0     1     1     1     1     0     0     1     1     0     1     1     1     1     1     0};
According to above analysis, the number of HARQ-ACK bits is determined by the number of configured CCs for both Alternative 1 and Alternative 2. For a scheduler which allocates subframes and CCs uniformly, the distribution of valid HARQ-ACK bits is similar for both alternatives. Even in cases where only a subset of the carriers are scheduled, e.g., with 32 carriers configured for M=4 TDD bundling window, and where only the first 16 carriers are scheduled, the simulation results given in Figure 4 show that the performance is very similar for both alternatives. The legend of Payload 128 random refers to the performance of Alternative 1 and the legend of Payload 64 random plus 64 zeros refers to the performance of Alternative 2. Hence, there is no substantial performance gain from adopting Alternative 1.
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Figure 4. HARQ-ACK feedback performance with different HARQ-ACK ordering.
Observation 3: There is no substantial difference of HARQ-ACK feedback performance between Alternative 1 and Alternative 2.
According to the analyses in Sec. 3 and evaluation result in this section, the following proposal is given:
Proposal 2: For TDD, the pseudo code for semi-static HARQ-ACK codebook determination in TS 36.213 is removed and the parameters 
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are defined for PUCCH format 4/5 in TS 36.213.

A corresponding specification text for PUCCH format 4/5 could be provided by reusing the description from PUCCH format 3, which is also contained in [3]:

“For TDD, when PUCCH format 4/5 is configured for transmission of HARQ-ACK and if a UE is not configured with higher layer parameter codebooksizeDetermination-r13 = 0, the HARQ-ACK feedback bits [image: image10.wmf]ACK
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 is the number of downlink and special subframes for which the UE needs to feedback HARQ-ACK bits for the c-th serving cell.
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For TDD, when PUCCH format 3 /4/5 is configured for transmission of HARQ-ACK if a UE is not configured with higher layer parameter codebooksizeDetermination-r13 = 0, 
for TDD UL/DL configurations 1-6, the HARQ-ACK for a PDSCH transmission with a corresponding PDCCH/EPDCCH or for a PDCCH/EPDCCH indicating downlink SPS release in subframe [image: image26.wmf]k
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 if transmission mode configured in the c-th serving cell supports one transport block or spatial HARQ-ACK bundling is applied, or associated with [image: image28.wmf]ACK
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 otherwise, where DAI(k) is the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected in subframe [image: image30.wmf]k
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 The HARQ-ACK feedback bits without any detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to NACK;…”
5 Conclusions

In this contribution, the HARQ-ACK bit ordering for FDD and TDD in case of semi-static codebook configuration is further analyzed and some simulation results for two HARQ-ACK ordering alternatives for TDD are also provided. There are two alternatives: use the specification text from TS36.213 (Alternative 1) or use the specification text from TS36.212 (Alternative 2). Based on the analyses and evaluation, we have following observations and proposals:
Observation 1: HARQ-ACK bit ordering with Alternative 2 follows the Rel-12 principle but a new bit ordering is used with Alternative 1.

Observation 2: HARQ-ACK bit for DL SPS PDSCH without corresponding PDCCH/EPDCCH is captured with Alternative 2 but is omitted with Alternative 1.
Observation 3: There is no substantial difference of HARQ-ACK feedback performance between Alternative 1 and Alternative 2.
Proposal 1: For FDD, the description of semi-static HARQ-ACK codebook determination for PUCCH format 4/5 in TS 36.213 is removed and that in TS 36.212 is kept.

Proposal 2: For TDD, the pseudo code for semi-static HARQ-ACK codebook determination in TS 36.213 is removed and the parameters 
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are defined for PUCCH format 4/5 in TS 36.213.
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Appendix
Section 5.2.3 in TS 36.212: description of semi-static HARQ-ACK codebook determination for FDD
“For UEs configured by higher layers with codebooksizeDetermination-r13 = 0, the bit sequence 
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 is determined according to the Downlink Assignment Index (DAI) as in Table 5.3.3.1.1-2 and as defined in [3]. Otherwise, the bit sequence 
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 is determined as below. 
For FDD, the sequence of bits 
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 is the result of the concatenation of HARQ-ACK bits for different cells according to the following pseudo-code: 

Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0 – HARQ-ACK bit index

Set 
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while c <  
[image: image41.wmf]DL

cells

N
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if the UE is not configured with spatial bundling on PUCCH by higher layers
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 binary AND operation of the HARQ-ACK bits corresponding to the first and second codewords of this cell
j = j + 1
end if

end if

c = c + 1

end while”

Section 7.3.1 in TS 36.213: description of semi-static HARQ-ACK codebook determination for FDD

“If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = 1 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 following pseudo-code:

Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0
Set 
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if there is a PDSCH on serving cell c associated with PDCCH/EPDCCH or there is a PDCCH/EPDCCH indicating downlink SPS release on serving cell c, 
if the higher layer parameter spatialBundlingPUCCH is set FALSE and if serving cell c is configured with a transmission mode supporting two transport blocks, 
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else

j = j + 1

end if

end if

c = c + 1
end while

if the higher layer parameter spatialBundlingPUCCH is set FALSE,
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Section 5.2.3 in TS 36.212: description of semi-static HARQ-ACK codebook determination for TDD

 “For the cases with TDD primary cell, the sequence of bits 
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 is obtained from the HARQ-ACK bits for different cells and different subframes.

Define 
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as the number of subframes for which the UE needs to feed back HARQ-ACK bits in cell c as defined in Section 7.3 of [3].

The number of HARQ-ACK bits k and the number of HARQ-ACK bits after spatial bundling kb are computed as follows: 

Set k = 0 – counter of HARQ-ACK bits 

Set kb = 0 – counter of HARQ-ACK bits after spatial bundling
Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

while c < 
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if transmission mode configured in cell 
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k = k + 2



kb = kb + 1
end if

l = l+1

end while

c = c + 1

end while

In case the transmission of HARQ-ACK feedback using PUCCH format 3, PUCCH format 4 or PUCCH format 5 coincides with a sub-frame configured to the UE by higher layers for transmission of scheduling request, the number of scheduling request bit OSR is 1; otherwise OSR=0.

In case the transmission of HARQ-ACK feedback using PUCCH format 3, PUCCH format 4 or PUCCH format 5 coincides with a sub-frame configured to the UE by higher layers for transmission of periodic CSI, OCSI is the number of periodic CSI bit(s) for the CSI report as defined in section 7.2.2 [3]; otherwise OCSI=0.

For PUCCH format 3, the number of HARQ-ACK feedback bits 
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For PUCCH format 4 or PUCCH format 5, 
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 if the UE is not configured with spatial bundling on PUCCH by higher layers; otherwise 
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, the multiplexing of HARQ-ACK bits is performed according to the following pseudo-code:
Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0 – HARQ-ACK bit index

while c < 
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Section 7.3.2.1 and 7.3.2.2 in TS 36.213: description of semi-static HARQ-ACK codebook determination for TDD

For same UL/DL configuration in 7.3.2.1:

“If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = 1 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 following pseudo-code:

Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell
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if the higher layer parameter spatialBundlingPUCCH is set FALSE and if service cell c is configured with a transmission mode supporting two transport blocks,
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For different UL/DL configurations in section 7.3.2.2:
“If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = 1 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 following pseudo-code:

Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell
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Simulation assumption in section 4:
Table 1 simulation assumption
	Parameter
	Setting

	Carrier frequency
	2 GHz

	Carrier bandwidth
	10 MHz

	Channel model
	EPA, 3 km/h

	Antenna setup
	1Tx2Rx, antenna correlation = 0.5; 

	Channel coding
	TBCC

	Modulation
	QPSK

	Channel estimation
	LS

	Number of PRBs in one slot
	1

	Transmit power
	per-UE power

	Frequency hopping
	Yes

	CRC length
	8

	Payload size (not consider CRC)
	128

	Performance metric
	With CRC: in case CRC check fail, all bits as “NACK”
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