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1. Introduction

Although a number of decisions related to semi persistent scheduling has been taken in the last meetings there are still several open issues that need to be addressed. It was agreed at RAN2#62 to try to resolve as many of these issues as possible in an email discussion until RAN2#62bis. The following issues have been addressed during the email discussion:
1. HARQ association for DL

2. Handling of (adaptive) retransmissions (uplink and downlink)

3. Signalling of explicit release (uplink and downlink)

4. Rules for implicit release in uplink

5. Need (and rules) for implicit release in downlink

6. Pattern for TDD

2. Discussion on open issues
2.1
HARQ association for DL

It is open how the HARQ processes are mapped to the semi persistent resources in downlink. One option that has been proposed is to map one or more processes to the semi persistent resource via RRC signalling such that the eNB and UE can “cycle through” the allocated processes. In this solution it needs to be decided when the UE and eNB starts cycling through the resources. Another option is to configure several semi persistent patterns each with a separate HARQ process. Another issue to consider is if the HARQ processes allocated to semi persistent scheduling also should be available for dynamic scheduling.
Discussion:

There were many views on this topic and the discussion did not really converge.  On the configuration of HARQ processes essentially three different high level views were expressed (in decreasing preference order judging on the number of supporting companies):
· The HARQ processes for SPS are configured via RRC but the eNB can use these HARQ processes also for dynamic scheduling when needed (e.g. to overrule an existing SPS assignment)

· The HARQ processes for SPS are configured via RRC and are strictly separated from the HARQ processes used for dynamic scheduling

· SPS can use any HARQ process, SPS and dynamic scheduling is essentially separated by which C-RNTI that is used (in essence this increases the number of HARQ processes)

A variant of the last bullet was also proposed by one company where PDSCH for SPS would be scrambled by both SPS-C-RNTI and HARQ process id, this solution is however not considered in the following since it did not receive support from other companies.

On the solution where HARQ processes are reserved for HARQ there was concern expressed that this would reduce the peak throughput if several HARQ processes are configured (e.g. if 2 HARQ processes can be used only for SPS and not for dynamic scheduling it would reduce the peak throughput for dynamic scheduling by 25%). Some companies wanted to have special solutions to avoid this peak throughput reduction, (e.g. to only reserve a single HARQ process and let a second HARQ process be dynamically allocated when needed, or to use an upper or lower part of a process for SPS). It was pointed out in the discussion that the peak throughput reduction for dynamic scheduling only arises if the eNB is not allowed to overrule the SPS assignments with dynamic grants. Some companies argued that additional complexity would be needed if the same HARQ process could be used for both SPS and dynamic scheduling, other companies pointed put that the already agreed rules and the existing MAC text covers this case already. Stage 2 also states that any received dynamic grant overrides a SPS allocation.
It was also pointed out that the third option that increases the number of HARQ processes also increases the buffer memory and may therefore not be attractive.
Conclusion/Recommendation:

The discussion did not converge on this topic. A proposed way forward that potentially is acceptable for a majority of the companies is to agree on the following: 

· RRC configures the HARQ processes used for SPS (it should be possible to use more than one HARQ process for SPS)
· The HARQ processes allowed for SPS are cycled through (the HARQ process id is increased for each occurrence of the SPS assignment)
· HARQ processes are not strictly reserved for SPS and SPS assignments can be overruled by dynamic assignments for the same HARQ process [The option to allow overruling received support from a majority of the companies]. 
· It can be discussed at the meeting if it is possible to dynamically use additional HARQ processes for SPS based on predefined rules, based on contributions from companies.
Rapporteurs note: If a restriction should be specified such that dynamic scheduling can not overrule a SPS assignment, current stage 2 and MAC needs to be modified. 
2.2
Handling of (adaptive) retransmissions (uplink and downlink)
The handling of retransmissions contains a few issues that are still open. It needs to be decided which RNTI (normal RNTI or semi persistent RNTI) that is used in the grant/assignment that requests the retransmission. Further it is open how the NDI should be handled for the retransmissions. I.e. how is the NDI set for the semi persistent resources and in the assignments/grants that request retransmissions.  
Discussion:

There was a lot of discussion on which C-RNTI that should be used for adaptive retransmissions and if an NDI is needed or not with roughly equal support for using normal C-RNTI and SPS C-RNTI. It seems that the companies have different assumptions on if it should be allowed to overrule a previously made SPS assignment with a dynamic assignment (for the same HARQ process).  Depending on if this is possible or not the details of the solution will differ, especially the view on if an NDI is needed or not seemed to be coupled with this assumption. Even if all companies did not express a view on all details it seems that companies views can be roughly divided in three groups:

Alternative 1:

· A SPS resource in a HARQ process can be temporarily overruled by a dynamic grant (e.g. to transmit a large packet)

· The HARQ processes used for SPS can also be used by dynamic scheduling when overruling a SPS assignment or forcing a retransmission

· NDI is used to separate between transmissions and retransmissions

· Retransmissions use SPS C-RNTI, initial transmissions either use normal C-RNTI (overrule SPS resource) or SPS-C-RNTI (new SPS assignment)

Alternative 2:

· Separated HARQ processes for dynamic scheduling and SPS

· Not possible to overrule a SPS resource temporarily with a dynamic assignment

· No NDI used, retransmissions identified by C-RNTI
· Retransmissions use dynamic C-RNTI, initial transmissions use SPS-C-RNTI

Alternative 3:
· HARQ processes used for SPS can also be used by dynamic scheduling

· A SPS assignment for a HARQ process can be temporarily overruled by a dynamic grant/assignment

· SPS allocation without PDCCH is always a new transmission, NDI (which is not transmitted) for that can be assumed to be fixed (e.g., NDI=0) 

· Retransmissions of SPS transmissions are scheduled with dynamic C-RNTI, only initial SPS transmissions (at the beginning of talk spurt) use SPS-C-RNTI 

· NDI for SPS retransmissions is always the same as for initial transmission (normal NDI rule)
· if PDCCH with C-RNTI overrides SPS allocation, NDI is toggled (new transmission) or kept the same (dynamic retransmission overriding SPS new transmission) 

Conclusion/Recommendation:
There was no clear majority view on this point. The alternatives need to be discussed further at the meeting.
2.3
Signalling of explicit release (uplink and downlink)
It has been agreed to have explicit release of the semi persistent resource in uplink and downlink, but the details of how the release is signalled to the UE are not set. One option is to signal the release on the PDCCH (potentially with some restrictions on the content of the PDCCH to reduce the false alarm rate. If the release is signalled on the PDCCH it needs to be decided which RNTI that is used for the release (normal C-RNTI or the semi persistent C-RNTI). Another option is to signal the release with a MAC control element.
Discussion:

Some companies argued for a release mechanism based on PDCCH and one company argued for a release by MAC control elements. Thus, a clear majority of the companies argued for a PDCCH based solution. In addition some companies argued that a mechanism would be desirable that only allows grants/assignments that fulfil certain criteria to release the SPS resource, in order to reduce the probability that the resources are revoked by mistake (false alarm).

One company argued that explicit release in downlink may not be needed but that contradicts current agreements.

Conclusion/recommendation: 

There was no consensus but the majority of the companies argued for a PDCCH based solution. It is recommended to agree on a PDCCH based solution and define a rule that only allows grants fulfilling a predefined criterion (e.g. a predefined RB size) to revoke the SPS resource.
2.4
Rules for implicit release in uplink 

It has been agreed to have an implicit release of the semi persistent resource in uplink, triggered by “n” consecutive uplink transmissions without user data (only empty BSR). Are other rules for implicit release also needed (FFS)?  

[Rapporteurs note: One company considered the agreed “n empty transmissions by the UE” to be a form of explicit release but that definition is not used in the following]

Discussion:
Companies did not express a need to define any additional rules for implicit release but there was one suggestion to modify the agreed rule to release the SPS resource also when data with lower priority than the “intended” service transmits data (1 company). A clear majority of the companies proposed to stick with the already agreed rule for implicit release in uplink.
Conclusion/Recommendation:
Keep the currently agreed rule for implicit release, i.e. release after “n” consecutive transmissions without user data.
2.5 Need (and rules) for implicit release in downlink

It has been agreed to have an implicit release of the semi persistent resource in uplink, but it is FFS if this is needed also in the downlink. If it is decided to have implicit release in the downlink the rules for the release also need to be agreed.

Discussion:

Most of the companies thought that implicit release in downlink may not be necessary, 2 companies indicated that they saw a need for implicit release in downlink to handle the case of false alarms and one company thought that implicit release in downlink would not be necessary if the consequences of a false alarm rate could be reduced by changing the coding of the ACK/NACK feedback such that DTX is sent instead of NACKs.

Conclusion/Recommendation:  A majority of the companies though that an implicit release may not be needed. Since several companies seem to base their view on the effectiveness of the approach to virtually “extend” the CRC by filtering out assignments on PDCCH and thereby reduce the risk for false alarms,  it is proposed to await the LS from RAN1 on how efficient the “filtering” of assignments on PDCCH can be done and then discuss if an implicit release is needed to handle false alarms.

2.6 Pattern for TDD

The use of semi persistent scheduling with TDD has some special challenges since the packet inter arrival time is a multiple of the HARQ RTT.  Some solutions that have been proposed to handle this is to have multiple semi persistent patterns with different periodicity [1] or to configure the semi persistent scheduling with a frequency that is not exactly equal to the packet inter arrival time [2].
Discussion:

Two companies expressed support for introducing multiple patterns for TDD. One company thought that configuring the SPS with slightly longer periodicity than 20 ms may solve the problem. It was suggested to not support SPS together with TTI bundling to reduce complexity, but other companies did not see a need for this limitation. Finally one company pointed out that the problem only occurs for UL and that no solution is needed since dynamic grants can be used to resolve collisions.
Discussion/Conclusion:
No conclusion was reached. This topic requires more discussion at the meeting based on companies input.
3. Summary and conclusion

There was a lively discussion on some of the topics, but the discussion on many topics did not converge. A way forward is proposed for each topic where a majority view is clearly visible. Some details mentioned by individual companies are not included in the summary if it did not receive support from other companies. 
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