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1. Introduction 

MAC Open Issue HD13 is as follows:

	
	DL Hybrid ARQ
	

	HD13
	#of HARQ processes for spatial multiplexing
	Current MAC specification implies there are 16 processes, whereas 36.212 appears to imply 8 processes (with 2 TBs each). Alignment of descriptions needed.


In this contribution we provide some background to the text in the Layer 1 specification TS36.212, and propose text for alignment of TS36.321. 

2. Background to the Layer 1 specifications

For the downlink, the RAN1 specifications provide the following signalling bits on the PDCCH in relation to the HARQ process ID for spatial multiplexing (PDCCH formats 2 and 2A):

- HARQ process number - 3 bits (FDD), 4 bits (TDD)

- Transport block to codeword swap flag – 1 bit

Independent New Data Indicators (NDI) are provided for each transport block. In addition, one or other transport block may be independently disabled in any subframe by means of a special combination of the transport block size (TBS) and redundancy version (RV) signalling. 

This provides functionality which is largely equivalent to that of 16 HARQ processes (32 in TDD), with the exception that in subframes when two transport blocks are transmitted using spatial multiplexing the same two processes are always associated. The “transport block to codeword swap flag” allows the transport blocks from the two associated processes to be mapped to either of the transmitted codewords at Layer 1. 

For the purpose of combining of retransmissions of transport blocks, a process is uniquely identified by means of the 3-bit HARQ process number (4-bits in TDD) and the transport block number (1 or 2). At the UE receiver, the transport block number is determined from the number of the codeword and the “transport block to codeword swap flag”. 

This functionality is intended to be largely equivalent to that provided for MIMO in HSPA Rel-7.

3. Text in TS36.321

TS36.321 currently contains the following text:

The UE shall:…
-
allocate the TBs received from the physical layer and the associated HARQ information to the HARQ processes indicated by the associated HARQ information.

Two ambiguities may be identified here:

1. Stating that the UE shall “allocate the TBs … to the HARQ processes” is ambiguous unless each transport block is considered to be ascribed to a separate process. This requires a definition of a HARQ process ID which is larger than the signalled HARQ process number. 

2. The definitions section of TS36.321 indicates that the associated “HARQ information” includes the HARQ process ID. In section 5.3.1, it is further stated that this HARQ information is indicated by the Downlink Assignments sent on the PDCCH. This is not consistent with the fact that the “HARQ process number” only consists of 3 bits on the PDCCH, while the remaining information about which retransmission process a transport block belongs to is obtained from the codeword number and the “transport block to codeword swap flag”. This therefore needs to be clarified. 

A definition of the HARQ process ID which is consistent with TS36.212 would be as follows:

· The MSB of the HARQ process ID is given by TBN-1 where TBN is the transport block number (1 or 2). 

· For FDD operation, the 3 LSBs of the HARQ process ID are given by the signalled HARQ process number.

· For TDD operation, the 4 LSBs of the HARQ process ID are given by the signalled HARQ process number.

Section 5.3.1 needs to be further corrected so that a HARQ process is associated with a transport block, not with a TTI. This correction would cover the case of multiple DL-SCH transport blocks in a single TTI in the case of MIMO, as well as the possibility that a BCCH transport block and a UE-specific DL-SCH transport block may be received in the same TTI yet are related to different HARQ processes. 

Finally, in section 5.3.2.1, the reference to subclause 5.1.4.1.2 of TS36.212 does not define the number of HARQ processes as alleged. 
4. Conclusions

The text in TS36.321 describing the allocation of received TBs to HARQ process needs to be aligned with TS36.212. 

A CR which accomplishes this and resolves the ambiguities identified above follows. 

This is also consistent with section 5.3.2.2 of TS36.321, which clearly associates each individual TB with a separate HARQ process and separate ACK/NACK feedback. 
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3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Active Time: time during which the UE monitors the PDCCH for a PDCCH-subframe. Section 5.7 defines the conditions for which a subframe is included as part of Active Time.

Contention Resolution Timer: Specifies the number of consecutive PDCCH-subframe(s) during which the UE shall monitor the PDCCH after the uplink message containing the C-RNTI MAC control element or the uplink message associated with UE Contention Resolution Identity submitted from higher layer is transmitted.
DRX Cycle: Specifies the periodic repetition of the On Duration followed by a possible period of inactivity (see figure 3.1-1 below). 
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Figure 3.1-1: DRX Cycle

DRX Inactivity Timer: Specifies the number of consecutive PDCCH-subframe(s) after successfully decoding a PDCCH indicating an initial UL or DL user data transmission for this UE.

DRX Retransmission Timer: Specifies the maximum number of consecutive PDCCH-subframe(s) for as soon as a DL retransmission is expected by the UE.

DRX Short Cycle Timer: This parameter specifies the number of consecutive subframe(s)the UE shall follow the short DRX cycle after the DRX Inactivity Timer has expired.
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 enables the HARQ process ID to be determined.
HARQ RTT Timer: This parameter specifies the minimum amount of subframe(s) before a DL HARQ retransmission is expected by the UE.
On Duration Timer: Specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle.

RA-RNTI: The Random Access RNTI is used on the PDCCH when Random Access Response messages are transmitted. It unambiguously identifies which time-frequency resource was utilized by the UE to transmit the Random Access preamble.

PDCCH-subframe: For FDD UE operation, this represents any subframe; for TDD, only downlink subframes.
NOTE: 
A timer is running once it is started, until it is stopped or until it expires.
NOTE:
When defining On Duration Timer, DRX Inactivity Timer, DRX Retransmission Timer and Contention Resolution Timer, PDCCH-subframes and subframes including DwPTS are considered as subframes where the timer, if running, shall be updated.
5.3.1
DL Assignment reception

Downlink assignments transmitted on the PDCCH indicate if there is a transmission on the DL-SCH for a particular UE and provide the relevant HARQ information.

When the UE has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the UE shall for each TTI during Active Time, for each TTI when a Random Access Response or Contention Resolution is expected and for each TTI for which a DL assignment has been configured:

-
if a downlink assignment for this TTI has been received on the PDCCH for the UE’s C-RNTI, or Temporary C‑RNTI:

-
indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ entity for this TTI.

-
else, if a downlink assignment for this TTI has been received on the PDCCH for the UE’s Semi-Persistent Scheduling C-RNTI:

-
if the NDI in the received HARQ information is 1:

-
consider the NDI not to have been toggled;

-
indicate a downlink assignment and the associated HARQ information to the HARQ entity for this TTI.

-
else, if the NDI in the received HARQ information is 0:

-
store the downlink assignment and the associated HARQ information as configured downlink assignment;

-
initialise (if not active) or re-initialise (if already active) the configured downlink assignment to start in this TTI and to recur with the periodicity configured via RRC;

-
set the HARQ Process ID to [the HARQ Process ID associated with this transport block]; 

-
consider the NDI bit to have been toggled;

-
indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the HARQ entity for this transport block.

-
else, if [PDCCH condition for deactivation of SPS]:

-
clear the configured downlink assignment (if any).

-
else, if a downlink assignment for this TTI has been configured:

-
instruct the physical layer to receive, in this TTI, transport(s) block on the DL-SCH according to the configured downlink assignment and to deliver it to the HARQ entity;

-
set the HARQ Process ID to [the HARQ Process ID associated with this transport block]; 

-
consider the NDI bit to have been toggled;

-
indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the HARQ entity for this transport block.

When the UE needs to read BCCH, the UE shall:

-
if a downlink assignment for this TTI has been received on the PDCCH for the SI-RNTI; 

-
indicate a downlink assignment for the dedicated broadcast HARQ process to the HARQ entity for this transport block.

NOTE:
Downlink assignments for both C-RNTI and SI-RNTI can be received in the same transport block.

Editor’s note:
L1 is configured, as needed, by upper layers or MAC [FFS] to monitor PDCCH for C-RNTI, and by MAC to monitor PDCCH for Temporary C-RNTI and RA-RNTI.

5.3.2
HARQ operation

5.3.2.1
HARQ Entity

There is one HARQ entity at the UE which maintains a number of parallel HARQ processes. Each HARQ process is associated with a HARQ process identifier. The HARQ entity directs HARQ information and associated TBs received on the DL-SCH to the corresponding HARQ processes (see subclause 5.3.2.2).


· The MSB of the HARQ process identifier is given by TBN-1 where TBN is the transport block number (1 or 2). 

· For FDD operation, the 3 LSBs of the HARQ process identifier are given by the HARQ process number signalled in the downlink assignment.
· For TDD operation, the 4 LSBs of the HARQ process identifier are given by the HARQ process number signalled in the downlink assignment.
When the physical layer is configured for spatial multiplexing [2], one or two TBs are expected per subframe. Otherwise, one TB is expected per subframe. When only one TB is transmitted, the transport block number is always 1. 
The UE shall:

-
If a downlink assignment has been indicated for this TTI:

-
allocate the TBs received from the physical layer and the associated HARQ information to the HARQ processes indicated by the associated HARQ information and codeword number.

-
If a downlink assignment has been indicated for the broadcast HARQ process:

-
allocate the received TB to the broadcast HARQ process.

NOTE:
In case of BCCH a dedicated broadcast HARQ process is used.

5.3.2.2
HARQ process

For each received TB and associated HARQ information, the HARQ process shall:

-
if the NDI, when provided, has been toggled compared to the value of the previous received transmission for this HARQ process; or

-
if the HARQ process is equal to the broadcast process and the physical layer indicates a new transmission; or

-
if this is the very first received transmission for this HARQ process:

-
replace the data currently in the soft buffer for this HARQ process with the received data.

-
else:

-
if the data has not yet been successfully decoded:

-
combine the received data with the data currently in the soft buffer for this HARQ process.

-
if the TB size is different from the last valid TB size signalled for this HARQ process:

-
the UE may replace the data currently in the soft buffer for this HARQ process with the received data.

-
attempt to decode the data in the soft buffer;

-
if the data in the soft buffer was successfully decoded:

-
if the HARQ process is equal to the broadcast process:
-
deliver the decoded MAC PDU to RRC.

-
else:

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity.

-
generate a positive acknowledgement (ACK) of the data in this HARQ process.

-
else:

-
generate a negative acknowledgement (NACK) of the data in this HARQ process.

-
if the HARQ process is associated with a transmission indicated with a Temporary C-RNTI and the Contention Resolution is not successful (see subclause 5.1.5); or

-
if the HARQ process is equal to the broadcast process; or

-
if there is a measurement gap at the time of the transmission of the HARQ feedback:

-
do not indicate the generated positive or negative acknowledgement to the physical layer.

-
else:

-
indicate the generated positive or negative acknowledgement to the physical layer.
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