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1 Introduction
In the RAN1 #83 meeting, the HARQ-ACK feedback schemes for LTE CA of up to 32 CCs were agreed [1]. The output document [2] of the related email discussion [3] for TS 36.213 CR was agreed and the Rel-13 specification was approved at RAN#70. 
Several comments were raised during the email discussion on the CR, which were not considered at that time, and were deferred to RAN1#84 for further discussion. In this contribution, we address some points that were not resolved for HARQ-ACK feedback in the approved TS 36.213. An accompanying draft CR is provided in [4]. Some other corrections requiring further consideration are also discussed.
2 Corrections on the TS 36.213 for HARQ-ACK feedback
Section 7.3: The arrangement of HARQ-ACK bit of DL SPS for dynamic HARQ-ACK codebook
The description for dynamic HARQ-ACK codebook determination needs to include HARQ-ACK bit for DL SPS PDSCH (i.e., no associated DL assignment). We propose that it is appended to the HARQ-ACK response, for both FDD and TDD. Text for inserting SPS PDSCH bits can be added after the pseudo-code, e.g.: 
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Section 7.3.1, 7.3.2 and several instances: description of semi-static HARQ-ACK codebook determination
In the RAN1 #82bis meeting, the following agreements on HARQ-ACK codebook size had been achieved:
· 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):

· …(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
The content beginning with ‘If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = 1’ in current TS 36.213 is about the procedure that UE determines HARQ-ACK codebook according to the number of configured CCs. In the CR for TS 36.212, the procedure for PUCCH format 4/5 was defined by simply reusing the existing Rel-12 specification. This was agreed without comments when the CR for TS 36.213 was still under discussion. Several companies, including the sourcing company, put forward this comment in eCA 213 CR email discussion [3]. It was suggested to resolve this in the CR phase. 
In addition, the arrangement of HARQ-ACK bits for PUCCH format 4/5 according to the pseudo-code in Section 7.3.1 of TS 36.213 is first under the condition ‘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’, which is not consistent with the HARQ-ACK codebook determination mechanism in Rel-12 CA for FDD, where the HARQ-ACK bit is arranged according to the cell index regardless whether or not there is PDSCH on the serving cell. Furthermore, the arrangement of HARQ-ACK bits for PUCCH format 4/5 according to the pseudo-code in Section 7.3.2 of TS 36.213 is subframe based which is not in line with DAI based HARQ-ACK mapping per serving cell for TDD in Rel-12 CA.

It was agreed that the HARQ-ACK determination mechanism is the same as that in Rel-12 CA when HARQ-ACK codebook is configured to be determined according to the number of configured CCs. No additional spec impact is needed specifically for semi-static HARQ-ACK determination. Since the arrangement of the HARQ-ACK bits for the case where the HARQ-ACK codebook size is RRC configured is already defined in TS36.212 [4], to avoid duplicated and ambiguous HARQ-ACK determination mechanism, the pseudo-code parts should be deleted in 36.213.
The statement when PUCCH format 4/5 is configured but UE not configured with dynamic HARQ-ACK codebook determination can be combined with the text used for PUCCH format 3 simply reusing the existing Rel-12 specification, e.g.:
‘For TDD, when PUCCH format 3/4/5 is configured for transmission of HARQ-ACK without PUCCH format 4/5 configured for transmission of HARQ-ACK if a UE is not configured with higher layer parameter codebooksizeDetermination-r13 = 0, ’
Section 10.1.1: Values for code rate and number of PRBs corresponding to higher layer parameter
The Tables 10.1.1-1 and 10.1.1-2 are left blank in current CR. Considering PUCCH format 4, we can deduce from the results in [5] and [6] that transmission of 256 information bits in 1 PRB pair is feasible in a normal subframe for 8 RX antennas at around 5 dB SNR, which realistic for a non-power limited UE. Hence, this would result in a maximum code rate of r=256/288. On the other hand, the minimum payload where PUCCH format 4 or PUCCH format 5 would be used (prior to P-CSI dropping) is from 23 information bits. The largest code rate for 23 bits that would not induce any P-CSI dropping would be r=23/216, considering a shortened subframe with extended cyclic prefix. Hence, the 8 code rates could be chosen uniformly from the interval [23/216, 256/288], which when rounding to the closest larger two-decimal number yields r = [0.11, 0.21, 0.33, 0.45, 0.56, 0.67, 0.78, 0.89]. The same code rates are applicable also to PUCCH format 5 since the number of resource elements is defined as half of that for PUCCH format 4 in 1 PRB pair.
Table 10.1.1-1: code rate
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In [6], we showed that 3 PRBs could be sufficient for accommodating 319 HARQ-ACK bits (equal to using spatial bundling for the most demanding TDD-FDD CA case), at least with 8 RX. Further considering maximum periodic CSI payloads in the order of 300 bits, up to 6 PRBs should be supported for PUCCH format 4. 
Table 10.1.1-2: Number of PRBs for PUCCCH format 4 
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Section 10.1.3.2.3.2: Missing DAI description
The reference to DAI is ambiguous, and the word ‘counter’ should be inserted.

-
if a PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) is detected in subframe [image: image8.wmf]m
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 with either the counter DAI value or the total DAI value in the PDCCH greater than '1' on the primary cell, or 
Editorial issues

Section 7.3.2.1 and 10.1.1: The placement of description of HARQ-ACK/SR and periodic CSI report collision handling procedure for TDD and FDD

The description of HARQ-ACK/SR and periodic CSI report collision handling procedure for TDD and FDD is split into different sections. Considering that the procedures are almost the same, it could be considered to provide a description in section 10.1.1 for both FDD and TDD and remove the content in section 7.3.2.1. Further discussion may be needed for this and we have currently not included this change in [4].
Section 10.1.1: Typo

‘The UE shall generate a NACK for the second codeword if spatial bundling is not applied, and shall generate the same HARQ-ACK respond for the second codeword as that for the first codeword if spatial bundling is applied.’

Replace respond with ‘response’.
Section 10.1.2.2.3: Typo 
‘…the UE shall use PUCCH format 4 and PUCCH resource 
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 is determined according to higher layer configuration and Table 10.1.2.2.2-1.’
Table index should be Table 10.1.2.2.3-1.
Section 10.1.3.2.3.2, two instances, Typo
‘Denote 
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Replace is with ‘as’.

Section 10.1.3.A: Typo 
‘The FDD-TDD HARQ-ACK feedback procedure for PUCCH format 1b with channel selection follows the HARQ-ACK procedure described in subclause 10.1.3.2.1 for the case of UE configured with two serving cells with different UL/DL configurations, and for PUCCH format 3/4/5 follows the HARQ-ACK procedure described in subclause 10.1.3.2.2/10.1.3.2.3/10.2.3.2.4  for the case of UE configured with more than one serving cell and if at least two cells have different UL/DL configurations.’
Reference should be 10.1.3.2.4 for PUCCH format 5 HARQ-ACK procedure.

3 Other correction(s)
3.1 DAI in UL grant
Counter DAI and total DAI are introduced for dynamic HARQ-ACK codebook determination in Rel-13 CA. They are both contained in the DL assignment. For TDD, according to TS 36.212, there is a 2-bit field containing the DAI field in the UL grant (called UL DAI). 
UL DAI for semi-static HARQ-ACK determination

It was agreed that the HARQ-ACK determination mechanism is the same as that in Rel-12 CA when HARQ-ACK codebook is configured to be determined according to the number of configured CCs. No additional spec impact is needed specifically for semi-static HARQ-ACK determination. In Rel-12 CA when PUCCH format 3 is configured, UL DAI is used to determine HARQ-ACK codebook size when UE is transmitting on PUSCH. The same concept and procedure seems to be needed also for PUCCH format 4/5.
A first issue is that, in the specification, there is currently no definition of UL DAI for PUCCH format 4/5. 
A second issue is that, in the specification, the description of semi-static HARQ-ACK determination for PUCCH format 4/5 in the case of UE transmitting HARQ-ACK on PUSCH is only given for FDD.  This case is missed for TDD and there is currently no usage of the UL DAI for TDD when PUCCH format 4/5 is configured. 
Observation 1: There is currently no definition and no usage of UL DAI for PUCCH format 4/5 for TDD.
If such definition and usage is needed, the existing one could be amended, e.g.:
‘For TDD UL/DL configuration 1-6 and a UE configured with more than one serving cell, or for TDD UL/DL configuration 1-6 and a UE configured with one serving cell and PUCCH format 3 or PUCCH format 4 or PUCCH format 5, a value [image: image13.wmf]UL
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 is defined in Table 7.3-Y. In case neither PDSCH transmission, nor PDCCH/EPDCCH indicating the downlink SPS resource release is intended to the UE, the UE can expect that the value of [image: image16.wmf]UL
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 is set to 4 by the DAI in DCI format 0/4 if transmitted.’
‘For TDD, when PUCCH format 3/4/5 is configured for transmission of HARQ-ACK without PUCCH format 4 or PUCCH format 5 configured for transmission of HARQ-ACK if a UE is not configured with higher layer parameter codebooksizeDetermination-r13 = 0, the HARQ-ACK feedback bits [image: image17.wmf]ACK
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 for the c-th serving cell configured by RRC are constructed as follows, where c≥0, [image: image18.wmf]DL
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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 and [image: image19.wmf]DL
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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. ’
Proposal 1: Further discussion is needed about the definition and usage of UL DAI for PUCCH format 4/5 when semi-static HARQ-ACK codebook determination is configured for TDD.
UL DAI for dynamic HARQ-ACK determination

In current specification, for both FDD and TDD if the UE transmits HARQ-ACK on PUSCH when a UE configured with higher layer parameter codebooksizeDetermination-r13 = 0 (i.e., dynamic HARQ-ACK determination), the procedure of HARQ-ACK determination is the same as UE transmitting HARQ-ACK on PUCCH except that the higher layer parameter spatialBundlingPUCCH is replaced by spatialBundlingPUSCH.
However, as shown in Figure 1, for TDD if there is only a small number of carriers scheduled but all are missed in the last subframe in the bundling window, ambiguity of HARQ-ACK codebook size between eNB and UE would happen. The existing UL DAI for TDD could be useful for determining the dynamic HARQ-ACK codebook size, if the value of total DAI is also included in UL DAI. 
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Figure 1. Example for TDD where an UL DAI provides information about the HARQ-ACK codebook size, which could not be obtained from the missed DL assignment in the last subframe.
Observation 2: For TDD, UL DAI could provide information about the HARQ-ACK codebook size which could not be obtained from the missed DL assignment in the last subframe when dynamic HARQ-ACK determination is configured.
Proposal 2: The value of total DAI also included in UL DAI can be considered when dynamic HARQ-ACK codebook determination is configured for TDD.
4 Conclusions

The suggested changes discussed in Sec. 2 are contained in [4]. Further discussion is needed on the UL DAI for TDD, where we have following observations and proposals:
Observation 1: There is currently no definition and no usage of UL DAI for PUCCH format 4/5 for TDD.
Proposal 1: Further discussion is needed about the definition and usage of UL DAI for PUCCH format 4/5 when semi-static HARQ-ACK codebook determination is configured for TDD.
Observation 2: For TDD, UL DAI could provide information about the HARQ-ACK codebook size which could not be obtained from the missed DL assignment in the last subframe when dynamic HARQ-ACK determination is configured.
Proposal 2: The value of total DAI also included in UL DAI can be considered when dynamic HARQ-ACK codebook determination is configured for TDD.
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