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1 Introduction

For LTE, both RAN1 and RAN2 are specifying parts of the HARQ protocol operation in the related specifications TS 26.213 and TS 36.321. Since the HARQ operation can now be considered to be relatively stable in both groups, this contribution targets to fix some misalignments in the mentioned specifications. Certain changes are proposed below for the RAN1 TS 36.213 in order to align the HARQ description, whereas no changes are necessary for the RAN2 TS 36.321. 

2 Current specification status of HARQ operation

2.1 RAN1 TS 36.213

The following aspects are described in the latest version of TS 36.213 [1]:

· Determination of new transmissions and retransmissions for UL operation
This is described in section 8.3 and specifies the identification of new transmissions or retransmissions for uplink scheduling assignments by processing the NDI field on the PDCCH.
· Determination of the Transport Block Size (TBS) for DL and UL operation
This is described in sections 7.1.7.2 and 8.6.2 for DL and UL respectively. The sections specify the determination of the TBS from the MCS field on the PDCCH.
· Determination of the modulation order UL operation
This is described in section 8.6.1 and specifies the determination of the modulation order in case of UL retransmissions and the PDCCH MCS field not indicating an MCS, but an RV instead (
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2.2 RAN2 TS 36.321

The following aspects are described in the latest version of TS 36.321 [2]:

· Definition of HARQ information
This is described in section 3.1 and defines the term “HARQ information”, which shall be referred to in further sections:
“HARQ information: HARQ information consists of New Data Indicator (NDI), Redundancy Version (RV), Transport Block (TB) size. For DL-SCH transmissions the HARQ info also includes HARQ process ID.”
· Determination of new transmissions and retransmissions
This is described in sections 5.3.2.2 and 5.4.2.1 for DL and UL operation respectively. The sections specify the identification of new transmissions or retransmissions for downlink and uplink scheduling assignments by processing the NDI field on the PDCCH.
3 Discussion and proposal

Reviewing the current specifications, we make the following observations:

· The determination of new transmissions and retransmissions by processing the NDI is handled in both TS 36.213 and TS 36.321, which is an undesired duplication. In our view, the NDI is mainly a HARQ protocol parameter and should, therefore, be processed in MAC, i.e. TS 36.321 (as it has been done in earlier 3GPP releases, e.g. Release 5).

· In contrast to earlier 3GPP releases, for LTE the TBSs are now defined in the RAN1 specification TS 36.213. Moreover, there are certain exceptions when determining the TBS which only PHY is aware of, i.e. which are assumed to be not visible to MAC, e.g. CQI only transmission (see [4] for more details). Therefore, the determination of the TBS from the PDCCH MCS field should remain in TS 36.213. Nevertheless, the TBS needs to be delivered to MAC.

· Similar to the determination of the TBS also the determination of the UL modulation order has some special cases of which MAC is not aware of, e.g. 
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. Therefore, the determination of the UL modulation order should remain in TS 36.213. Furthermore, we do not see the need to deliver the modulation order to MAC.

· TS 36.213 does not describe the delivery of the TBS to MAC for DL and UL, which is required to perform transport block generation and HARQ operation in MAC. 

· TS 36.213 does not describe the delivery of the RV to MAC for UL. This is required since MAC handles the RV setting for non‑adaptive retransmissions, which is based on the most recently signaled RV value. For DL, MAC is not handling the RV. Therefore the RV does not need to be known in MAC. 

· TS 36.213 does not describe the delivery of the HARQ process ID for DL, which is required to handle the asynchronous HARQ protocol for DL.

Based on the discussion above, we propose the following changes to the RAN1 TS 36.213 in order to align the HARQ operation between RAN1 and RAN2 specifications:

· DL HARQ operation (Section 7.1.7.2):

· Adding description of delivering NDI, TBS and HARQ process ID to higher layers

· UL HARQ operation (Sections 8 and 8.3):

· Removal of the NDI handling to determine new transmissions and retransmissions

· Adding description of delivering NDI, TBS and RV to higher layers

It should be noted, that the proposal above does not require any changes to the RAN2 TS 36.321.

The according required changes to TS 36.213 (with respect to v8.3.0) are shown below.

--------------------------------------------------------------

7.1.7.2
Transport block size determination
For
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, the UE shall first determine the TBS index (
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and Table 7.1.7.1-1. For a transport block that is not mapped to two-layer spatial multiplexing, the TBS is determined by the procedure in Section 7.1.7.2.1. For a transport block that is mapped to two-layer spatial multiplexing, the TBS is determined by the procedure in Section 7.1.7.2.2.
For
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, the TBS is assumed to be as determined from DCI transported in the latest PDCCH for the same transport block using 
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The NDI and HARQ process ID, as signalled on PDCCH, and the TBS, as determined above, shall be delivered to higher layers.
--------------------------------------------------------------

8
Physical uplink shared channel related procedures

For FDD, there shall be 8 HARQ processes in the uplink.  For FDD, the UE shall upon detection of a PDCCH with DCI format 0 and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+4 according to the PDCCH and PHICH information.

For TDD, the number of HARQ processes shall be determined by the DL/UL configuration (Table 4.2-2 of [3]), as indicated in table 8-1.
The NDI and RV, as signalled on PDCCH, and the TBS, as determined in section 8.6.2, shall be delivered to higher layers. 

Table 8-1: Number of synchronous UL HARQ processes for TDD

	TDD UL/DL configuration
	Number of HARQ processes

	0
	7

	1
	4

	2
	2

	3
	3

	4
	2

	5
	1

	6
	6


For TDD UL/DL configurations 1-6, the UE shall upon detection of a PDCCH with DCI format 0 and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+k, with k given in Table 8-2, according to the PDCCH and PHICH information

For TDD UL/DL configuration 0 the UE shall upon detection of a PDCCH with DCI format 0 and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+k if the first bit of the UL index in the DCI format 0 is set or PHICH is received in subframe n=0 or 5 in the resource corresponding to IPHICH  =0, as defined in Section 9.1.2, with k given in Table 8-2. If, for TDD UL/DL configuration 0, the second bit of the UL index in the DCI format 0 is set in subframe n or a PHICH is received in subframe n=0 or 5 in the resource corresponding to IPHICH =1, as defined in Section 9.1.2, or PHICH is received in subframe n=1 or 6, the UE shall adjust the corresponding PUSCH transmission in subframe n+7.
Table 8-2 k for TDD configurations 0-6

	TDD UL/DL
Configuration
	DL subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4
	6
	
	
	
	4
	6
	
	
	

	1
	
	6
	
	
	4
	
	6
	
	
	4

	2
	
	
	
	4
	
	
	
	
	4
	

	3
	4
	
	
	
	
	
	
	
	4
	4

	4
	
	
	
	
	
	
	
	
	4
	4

	5
	
	
	
	
	
	
	
	
	4
	

	6
	7
	7
	
	
	
	7
	7
	
	
	5


--------------------------------------------------------------

8.3
UE ACK/NACK procedure

For Frame Structure type 1, an ACK/NACK received on the PHICH assigned to a UE in subframe i is associated with the PUSCH transmission in subframe i-4. 

For Frame Structure type 2, an ACK/NACK received on the PHICH assigned to a UE in subframe i is associated with the PUSCH transmission in the subframe indicated by the following table:

[…table to be inserted…]

The physical layer in the UE shall deliver indications to the higher layers as follows:

For downlink subframe i, if no Uplink Scheduling Assignment is received and if a transport block was transmitted in the associated PUSCH subframe then:

· 
· 
· 
· if ACK is decoded on the PHICH, ACK shall be delivered to the higher layers;

· else NACK shall be delivered to the higher layers.
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