Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _GoBack]3GPP TSG-RAN WG2 #99	Tdoc R2-1708194
Berlin, Germany 21st – 25th August 2017

Agenda Item:	10.3.1.9
Source:	Ericsson
Title:	HARQ operation
Document for:	Discussion, Decision

Introduction
This contribution contains text proposals related to HARQ operation. There is also a short discussion briefly summarizing the changes made compared to the LTE baseline.
Discussion
The text proposal below is based on the corresponding text in LTE with the following major changes:
-	Text relating to SPS has been removed as RAN2 has not yet discussed SPS to this level of detail. Editor's comments reflecting the lack of SPS functionality have been added.
-	Text relating to "synchronous mode" has been removed as only asynchronous mode is supported in NR. Because of this, there is also no need to mention that some functionality only applies to that mode.
-	Text relating to non-adaptive retransmission has been removed as only adaptive retransmissions are supported. Because of this, there is also no need to mention that some functionality only applies to adaptive retransmissions.
-	Text relating to HARQ feedback for uplink operation has been removed.
As explained in [1] the term "TTI" should be avoided as it is unsuitable in this case. Instead MAC specification should be written in an event-driven way.
Adopt the text proposal in this contribution.
[bookmark: _Ref189046994]Text Proposal to TS 38.321
This section contains text proposals to sections 5.3.2 and its subsections (i.e. DL HARQ) and sections 5.4.2 and its subsections (i.e. UL HARQ).
[bookmark: _Toc489016240]5.3.2	HARQ operation
[bookmark: _Toc489016241]5.3.2.1	HARQ Entity
The MAC entity includes a HARQ entity for each Serving Cell, 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).
Editor's note: The above text is based on RAN2 agreement 'One HARQ entity should be supported in one carrier from RAN2#98.
The number of parallel DL HARQ processes per HARQ entity is specified in TS 38.214 [7].
Editor's note: The exact reference (i.e. subclause) to be included later.
The HARQ process supports one TB when the physical layer is not configured for downlink spatial multiplexing. The HARQ process supports one or more TB when the physical layer is configured for downlink spatial multiplexing.
[bookmark: _Toc489016242]The MAC entity shall:
1>-	if a downlink assignment has been indicated:
2>	allocate the TB(s) received from the physical layer and the associated HARQ information to the HARQ process indicated by the associated HARQ information.
1>	if a downlink assignment has been indicated for the broadcast HARQ process:
2>	allocate the received TB to the broadcast HARQ process.
NOTE:	In case of BCCH a dedicated broadcast HARQ process is used.
Editor's note: Functionality related to SPS may be added later.
5.3.2.2	HARQ process
For each transmission to a HARQ process, one or more (in case of downlink spatial multiplexing) TBs and the associated HARQ information are received from the HARQ entity.
For each received TB and associated HARQ rmation, the HARQ process shall:
1>	if the NDI, when provided, has been toggled compared to the value of the previous received transmission corresponding to this TB; or
1>	if the HARQ process is equal to the broadcast process and if this is the first received transmission for the TB according to the system information schedule indicated by RRC; or
1>	if this is the very first received transmission for this TB (i.e. there is no previous NDI for this TB):
2>	consider this transmission to be a new transmission.
1>	else:
2>	consider this transmission to be a retransmission.
The MAC entity then shall:
1>	if this is a new transmission:
2>	attempt to decode the received data.
1>	else if this is a retransmission:
2>	if the data for this TB has not yet been successfully decoded:
3>	combine the received data with the data currently in the soft buffer for this TB and attempt to decode the combined data;
1>	if the data which the MAC entity attempted to decode was successfully decoded for this TB; or
1>	if the data for this TB was successfully decoded before:
2>	if the HARQ process is equal to the broadcast process:
3>	deliver the decoded MAC PDU to upper layers.
2>	else if this is the first successful decoding of the data for this TB:
3>	deliver the decoded MAC PDU to the disassembly and demultiplexing entity;
2>	generate a positive acknowledgement (ACK) of the data in this TB;
1>	else:
2>	replace the data in the soft buffer for this TB with the data which the MAC entity attempted to decode;
2>	generate a negative acknowledgement (NACK) of the data in this TB.
1>	if the HARQ process is associated with a transmission indicated with a Temporary C-RNTI and the Contention Resolution is not yet successful (see subclause 5.1.5); or
1>	if the HARQ process is equal to the broadcast process; or
1>	if the timeAlignmentTimer, associated with the TAG containing the serving cell on which the HARQ feedback is to be transmitted, is stopped or expired:
2>	do not indicate the generated positive or negative acknowledgement to the physical layer.
1>	else:
2>	indicate the generated positive or negative acknowledgement for this TB to the physical layer.
The MAC entity shall ignore NDI received in all downlink assignments on PDCCH for its Temporary C-RNTI when determining if NDI on PDCCH for its C-RNTI has been toggled compared to the value in the previous transmission.
NOTE:	When the MAC entity is configured with more than one serving cell, UE behaviors for storing data to the soft buffer is specified in TS 38.213 [6].
Editor's note: The exact reference (i.e. subclause) to be included later.
NOTE:	If the MAC entity receives a retransmission with a TB size different from the last valid TB size signalled for this TB, the UE behavior is left up to UE implementation.
Editor's note: Functionality related to SPS may be added later.
Editor's note: The use of the term "TTI" may be revised later.

[bookmark: _Toc489016246]5.4.2	HARQ operation
[bookmark: _Toc489016247]5.4.2.1	HARQ Entity
The MAC entity includes a HARQ entity for each Serving Cell with configured uplink, which maintains a number of parallel HARQ processes.
Editor's note: The above text is based on RAN2 agreement 'One HARQ entity should be supported in one carrier from RAN2#98.
The number of parallel UL HARQ processes per HARQ entity is specified in TS 38.214 [7].
Editor's note: The exact reference (i.e. subclause) to be included later.
The HARQ process supports one TB when the physical layer is not configured for uplink spatial multiplexing. The HARQ process supports one or more TB when the physical layer is configured for uplink spatial multiplexing.
Editor's note: When we have HARQ entity behaviours, the following SPS skipping behaviour should be captured: In NR, when the UE is configured with SPS, the UE should always skip SPS grant if there is no data to transmit, i.e., Skipping SPS grant is mandated in NR regardless of SPS periodicity. 
[bookmark: _Toc489016248]A HARQ process is associated with a received UL grant. Each HARQ process is associated with a HARQ process identifier. For UL transmission with UL grant in RAR, HARQ process identifier 0 is used. The HARQ entity routes the MCS and resource, relayed by the physical layer, to the appropriate HARQ process(es).
For each UL grant, the HARQ entity shall:
1>	identify the HARQ process(es) associated with this grant, and for each identified HARQ process:
2>	if the received grant was not addressed to a Temporary C-RNTI on PDCCH and if the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this HARQ process; or
2>	if the uplink grant was received in a Random Access Response:
3>	if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access Response:
4>	obtain the MAC PDU to transmit from the Msg3 buffer;
3>	else:
4>	obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity, if any; 
3>	if a MAC PDU to transmit has been obtained:
4>	deliver the MAC PDU and the uplink grant and the HARQ information to the identified HARQ process;
4>	instruct the identified HARQ process to trigger a new transmission.
2>	else:
3>	deliver the uplink grant and the HARQ information (redundancy version) to the identified HARQ process;
3>	instruct the identified HARQ process to trigger a retransmission.
When determining if NDI has been toggled compared to the value in the previous transmission the MAC entity shall ignore NDI received in all uplink grants on PDCCH for its Temporary C-RNTI.
Editor's note: Functionality related to SPS may be added later.
5.4.2.2	HARQ process
Each HARQ process is associated with a HARQ buffer.
New transmissions are performed on the resource and with the MCS indicated on PDCCH or Random Access Response. Retransmissions are performed on the resource and, if provided, with the MCS indicated on PDCCH. 
Editor's note: The exact contents of the UL grant is not settled.

If the HARQ entity requests a new transmission, the HARQ process shall:
1>	store the MAC PDU in the associated HARQ buffer;
1>	store the uplink grant received from the HARQ entity;
1>	generate a transmission as described below.

If the HARQ entity requests a retransmission, the HARQ process shall:
1>	store the uplink grant received from the HARQ entity;
1>	generate a transmission as described below.

To generate a transmission, the HARQ process shall:
1>	if the MAC PDU was obtained from the Msg3 buffer; or
1>	if there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer:
2>	instruct the physical layer to generate a transmission according to the stored uplink grant;

Editor's note: Functionality related to SPS may be added later.
Editor's note: The impact from measurement gap is not clear.
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