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1. Introduction

At RAN#71, a new WI on L2 latency reduction techniques for LTE was approved [1] where the objectives are as follows:

	· Introduction of short SPS period to allow UL prescheduling


In the last meeting, one of the agreements was

	· For retransmission colliding with SPS resources we will not only rely on adaptive retransmissions.   FFS if the UE can retransmit on the SPS resources if no new data is available.  


In this contribution, we provide details of the solutions to handle the issue of HARQ retransmissions colliding with new transmissions in case of short SPS period. 
2. Discussion
2.1. General
In the last meeting (RAN2#93bis), the potential issue of HARQ retransmissions colliding with new transmissions in case of short SPS periods was discussed. It was recognized that such collision problem exists, as seen from the first part of the captured agreement given above. While some companies tend to think that adaptive retransmissions should be able to handle this situation, considering the possible PDCCH overhead, it was agreed that we will not only rely on adaptive retransmissions.

2.2. Possible solution
We note that the FFS part of the agreement noted above is to address whether the UE can use SPS resources for HARQ retransmission when no new UL data is available. We think that when short SPS interval is enabled, it may be beneficial to allow retransmission on the SPS recourse regardless of whether new data is available or not. This is because, for short SPS interval, there will be another UL resource available soon for new transmission. Additionally, the short SPS interval may be enabled for other type of traffics which are not conventionally associated with SPS for which reliability may be important as well. In such case, retransmissions cannot be simply neglected if there is new data available for UL.

As one possible solution to above issue, MAC protocol (Section 5.4 in [2]) can be updated to allow non-adaptive HARQ retransmission on configured UL grants.
Observation 1. HARQ operation may be modified in order to support non-adaptive HARQ retransmission in the configured uplink grant.
Since this may be dis-beneficial for some conventional traffic for which SPS was originally intended, such as VoIP where on-time delivery may be more crucial than reliability, following options can be discussed:

Option 1: Always allow non-adaptive retransmission on configured UL grants 
Option 2: Allow non-adaptive retransmission on configured UL grants only for SPS intervals below certain threshold (e.g., for intervals equal to or below 5 TTI)
Option 3: Allow non-adaptive retransmission on configured UL grants only for certain types of traffic
Option 4: Add configuration parameter in RRC signalling, e.g., UL SPS configuration, to signal whether to allow and/or under which condition to allow non-adaptive retransmission on configured UL grants. 

Among this options, we note that option 1 may have backward compatibility issue. That is, if the UE is implemented based on this proposal but network is implemented based on previous version of the specification, there may be ambiguity (the UE may send HARQ retransmission but network may expect new transmission). 
Since the currently possible minimum SPS interval is 10 TTI, option 2 does not have this issue as long as the threshold is 10 TTI or less (i.e., non-adaptive retransmission on configured UL grants only for SPS interval less than 10 TTI). 
Option 3 provides possibility to differentiate in terms of traffic type, e.g., do not allow HARQ retransmissions on SPS resources for VoIP, but allow it for traffic requiring high reliability.

Option 4 is more versatile than other options in the sense that the conditions of options 2 or 3 are configured by RRC signalling.  
To illustrate the specification impact, in the annex, we provide TP for MAC specification to enable option 2 as an example assuming the threshold to be predefined as 5 TTI. Similar changes are required for options 1 and 3, whereas option 4 will need some additional changes in RRC specification as well.

Based on the above discussions, we request RAN2 to:

Proposal 1. Agree that non-adaptive HARQ retransmission is allowed on configured UL grants.

Proposal 2. Decide on which option to adapt for allowing non-adaptive HARQ retransmission on configured UL grants.
3. Conclusions
In this contribution, we provided various options for enabling HARQ retransmissions using SPS resources as well as illustration of specification impact in the form of TP for MAC specification in the annex. 
Observation 1.
HARQ operation may be modified in order to support non-adaptive HARQ retransmission in the configured uplink grant.

Based on above discussion, we request RAN2 to:
Proposal 1.
Agree that non-adaptive HARQ retransmission is allowed on configured UL grants.
Proposal 2.
Decide on which option to adapt for allowing non-adaptive HARQ retransmission on configured UL grants.
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Annex: TP for MAC Specification for Option 2
5.4.1
UL Grant reception
In order to transmit on the UL-SCH the MAC entity must have a valid uplink grant (except for non-adaptive HARQ retransmissions) which it may receive dynamically on the PDCCH or in a Random Access Response or which may be configured semi-persistently. To perform requested transmissions, the MAC layer receives HARQ information from lower layers. When the physical layer is configured for uplink spatial multiplexing, the MAC layer can receive up to two grants (one per HARQ process) for the same TTI from lower layers.
If the MAC entity has a C-RNTI, a Semi-Persistent Scheduling C-RNTI, or a Temporary C-RNTI, the MAC entity shall for each TTI and for each Serving Cell belonging to a TAG that has a running timeAlignmentTimer and for each grant received for this TTI:

-
if an uplink grant for this TTI and this Serving Cell has been received on the PDCCH for the MAC entity’s C-RNTI or Temporary C-RNTI; or

-
if an uplink grant for this TTI has been received in a Random Access Response:

-
if the uplink grant is for MAC entity’s C-RNTI and if the previous uplink grant delivered to the HARQ entity for the same HARQ process was either an uplink grant received for the MAC entity’s Semi-Persistent Scheduling C-RNTI or a configured uplink grant:

-
consider the NDI to have been toggled for the corresponding HARQ process regardless of the value of the NDI.

-
deliver the uplink grant and the associated HARQ information to the HARQ entity for this TTI.

-
else, if this Serving Cell is the SpCell and if an uplink grant for this TTI has been received for the SpCell on the PDCCH of the SpCell for the MAC entity’s Semi-Persistent Scheduling C-RNTI:

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

-
consider the NDI for the corresponding HARQ process not to have been toggled;

-
deliver the uplink grant and the associated HARQ information to the HARQ entity for this TTI.

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

-
if PDCCH contents indicate SPS release:

-
clear the configured uplink grant (if any).

-
else:

-
store the uplink grant and the associated HARQ information as configured uplink grant;

-
initialise (if not active) or re-initialise (if already active) the configured uplink grant to start in this TTI and to recur according to rules in subclause 5.10.2;

-
consider the NDI bit for the corresponding HARQ process to have been toggled;

-
deliver the configured uplink grant and the associated HARQ information to the HARQ entity for this TTI.

-
else, if this Serving Cell is the SpCell and an uplink grant for this TTI has been configured for the SpCell:

- 
if the value of Uplink Semi-Persistent Scheduling interval semiPersistSchedIntervalUL is equal to or less than 5 TTI:

-
consider the NDI bit for the corresponding HARQ process to have been not toggled;

-
else:

-
consider the NDI bit for the corresponding HARQ process to have been toggled;

-
deliver the configured uplink grant, and the associated HARQ information to the HARQ entity for this TTI.
NOTE:
The period of configured uplink grants is expressed in TTIs.

NOTE:
If the MAC entity receives both a grant in a Random Access Response and a grant for its C-RNTI or Semi persistent scheduling C-RNTI requiring transmissions on the SpCell in the same UL subframe, the MAC entity may choose to continue with either the grant for its RA-RNTI or the grant for its C-RNTI or Semi persistent scheduling C-RNTI.

NOTE:
When a configured uplink grant is indicated during a measurement gap and indicates an UL-SCH transmission during a measurement gap, the MAC entity processes the grant but does not transmit on UL-SCH.
5.4.2
HARQ operation
5.4.2.1
HARQ entity

<<unchanged text skipped>>
For each TTI, the HARQ entity shall:

-
identify the HARQ process(es) associated with this TTI, and for each identified HARQ process:

-
if an uplink grant has been indicated for this process and this TTI:

-
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

-
if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty; or

-
if the uplink grant was received in a Random Access Response:

-
if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access Response:

-
obtain the MAC PDU to transmit from the Msg3 buffer.

-
else:

-
obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity;

-
deliver the MAC PDU and the uplink grant and the HARQ information to the identified HARQ process;

-
instruct the identified HARQ process to trigger a new transmission.

-
else 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 not been toggled compared to the value in the previous transmission of this HARQ process and if the HARQ buffer of this HARQ process is not empty:

-
instruct the identified HARQ process to generate a non-adaptive retransmission.

-
else:

-
deliver the uplink grant and the HARQ information (redundancy version) to the identified HARQ process;

-
instruct the identified HARQ process to generate an adaptive retransmission.

-
else, if the HARQ buffer of this HARQ process is not empty:

-
instruct the identified HARQ process to generate a non-adaptive 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.
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