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1. Introduction

It has been agreed to use PDCCH for (re-)configuration of resources for Semi-Persistent Scheduling (SPS). How to discriminate semi-persistent and dynamic PDCCH commands was only briefly discussed at RAN2#61. It was agreed to continue the discussion by email until RAN2#61bis.

2. Proposed solutions

Before the email discussion three main tracks had been proposed for discrimination between semi-persistent and dynamic PDDCH allocations:

1. Separate C-RNTIs,

2. Additional discriminator bit on PDCCH,

3. Overloading of HARQ process IDs (DL) and RVs (UL).

An attempt to classify the proposed solutions in two main classes, explicit and implicit indications, has been made. The classification was understood to be based on the principle that explicit indication would not restrict the interpretation or flexibility of the PDCCH command but potentially introduce extra overhead, whereas implicit indication would restrict the scheduling flexibility, but not introduce additional overhead. It was clarified however that this classification would not be entirely unambiguous. E.g., discrimination by means of different C-RNTIs, could be argued to fit both classes (not restricting scheduling flexibility nor adding overhead) or to fit neither class (not adding overhead  nor restricting scheduling flexibility). Thus it is proposed to discuss the different proposals based on their individual merits rather than classifications.

During the email discussion, two new proposals were added:

4. Codepoint in MCS field,

5. PDCCH Scrambling.

2.1. Separate C-RNTIs

By means of using a separate C-RNTI for (re-)configuration of resources for SPS, normal PDCCH formats can be used and full scheduling flexibility is maintained; i.e. discrimination between dynamic and semi-persistent scheduling is independent of PDCCH formats. No extra PDCCH overhead is introduced. Explicit revoking of a semi-persistent resources can be handled by scheduling a transmission with the normal C-RNTI at a time point where a semi-persistent transmission would occur or by allocating a zero sized grant, or by any other means.

The complexity associated with decoding a separate C-RNTI is low (mainly an additional masking and comparison of the CRC). One issue that was mentioned in the discussion was the increased false alarm rate due to an additional C-RNTI.

2.2.  Additional discriminator bit on PDCCH

Using an extra bit on PDCCH to distinguish between SPS and dynamic scheduling maintains full scheduling flexibility. Explicit revoking of resources can be handled similar to solution 1.

There is extra complexity due to need to change the PDCCH formats defined by RAN1. Further this solution introduces additional static overhead which will consume system resources regardless of whether semi-persistent scheduling is used or not. The added overhead will be present in all grants and assignments; for dynamic as well as semi-persistent scheduling.

It is unclear whether this proposal is still supported by any company.
It was clarified by the proponent of this solution that due to a general desire to keep the PDCCH overhead at a minimum, support for this solution is withdrawn.
2.3.  Overloading of HARQ process IDs (DL) and RVs (UL)

With this solution a DL HARQ process ID is reserved for indicating that the DL assignment is a (re-)configuration of DL resources for SPS. For UL this is not possible since UL HARQ process IDs are not explicitly signalled. Thus for (re-)configuration of UL resources for SPS, a RV is proposed to be reserved for indicating that the UL grant is a (re-)configuration of UL resources for SPS. This solution does not introduce additional PDCCH overhead. 

Reserving a DL HARQ process ID for discrimination between semi-persistent and dynamic assignments may prevent continuous transmission since the reserved HARQ process cannot be used for scheduling between the persistent assignments. This can lead to  reduced maximum throughput and increased delay. The reservation of a RV for indicating UL resources for SPS reduces the number of RVs available for both dynamic and semi-persistent transmissions. Further, following the recent RAN1 agreements on RV encoding for the uplink, it seems that RV and MCS cannot be simultaneously signalled. Thus, it is unclear how reservation of UL resources can be done with a reserved RV. Additional restrictions would appear to be implied.

Explicit revoking of resources could be done by means of zero sized allocation for DL, but for UL this possibility may not be possibly due to RV and MCS not being possible to signal together. Explicit revoking by means of a dynamic assignment at the time when a persistent resource is expected appears to require the availability of an additional free HARQ process. 

It is unclear whether this solution is still feasible for the uplink, considering the recent RAN1 agreement regarding RV signalling.
It was clarified by the proponent of this solution that due to the decisions in RAN 1, i.e., not to have RV explicitly signaled in the UL, this solution can be used only in DL. While there are potentially other code points, currently no such proposal is available.
2.4. Codepoint in MCS field

A codepoint is reserved out of the possible bit-combinations in the MCS field in order to indicate a PDCCH used for SPS. The codepoint is reserved in the UL PDCCH format and at least one DL PDCCH format. Thus, the solution is applicable for UL and DL.

Configuration of SPS is done per UE in a RRC message providing a table with a set of combinations of transport formats and periodicities used for persistent scheduling. Combinations are provided for example for talk spurts (full-rate /half-rate) as well as silent period and deactivation (zero-size allocation).

When PDCCH used for SPS is transmitted to the UE a field not needed  for persistent allocation (e.g. the TPC field) is used as an indicator to select entries from the table provided in the SPS configuration message. Only a limited set of transport format/periodicity combinations is suggested to be used for SPS. Exemplarily, the two bits provided by the TPC field would allow for selecting three transport format/periodicity combinations as well as one combination to indicate the revoking of  semi-persistent resource allocations.

The complexity impacts of the solution comprise higher layer configuration and handling of scheduling parameters also typically signalled on L1/L2 (i.e., MCS selection and signalling need to be supported in both L1/L2 and in RRC), special handling of MCS and function overloading of the TPC field. Scheduler freedom is restricted by MCS selection being limited to three formats. Use of MCS outside the restricted requires RRC signalling for re-configuration. 
2.5.  PDCCH scrambling

With this solution SPS is distinguished from dynamic scheduling by means of PDCCH scrambling. The PDCCH is scrambled to indicate SPS, and not scrambled otherwise. UE configured for SPS checks CRC on PDCCH, if CRC passes, this is a dynamic PDCCH, else it checks the CRC on descrambled PDCCH, if CRC passes this is a SPS PDCCH. 
The properties of a PDCCH scrambling-based solution are very similar to those of  the C-RNTI based solution. Normal PDCCH formats can be used, full scheduling flexibility be maintained, no extra PDCCH overhead introduced and explicit revoking of a semi-persistent resource follows the same principles as for solution 1. 

The scrambling sequence does not need UE specific; i.e., a single scrambling sequence is sufficient for the system. L1 specifications would, however, need to be amended with new functionality for PDCCH scrambling. Both RAN1 and RAN2 specifications are hence impacted. PDCCH scrambling has the same properties regarding false alarm rate as C-RNTI-based discrimination between SPS and dynamic scheduling. 
3. Discussion

The feasibility and qualities of the proposed solutions were discussed and the descriptions of the proposed solutions in section 2 were updated accordingly.

The proponent of solution 3 (HARQ PID+RV overloading) clarified that due to the decisions in RAN 1, i.e., not to have RV explicitly signaled in the UL, this solution can be used only in DL. While there are potentially other code points, currently no such proposal is available.

The proponent of solution 2 (additional discriminator bit) clarified that due to a general desire to keep the PDCCH overhead at a minimum, support for this solution is withdrawn.
A fourth solution based on reserving an MCS code point (for UL and DL respectively) was proposed, the description of which was added to Section 2.4 above.
A fifth solution based on special PDCCH scrambling for SPS (re-)configuration was proposed, the description of which was added to Section 2.5 above. PDCCH scrambling was suggested to simplify the signalling compared to the C-RNTI based scheme since no separate C-RNTI would need to be signalled. It was clarified, however, that the SPS C-RNTI would not necessarily need to be signalled explicitly but could be derived from a rule.

A general concern regarding the robustness of using PDCCH for SPS (re-)configuration was raised in relation to the potential persistency of error conditions and MAC Control element based SPS (re-)configuration was proposed to be reconsidered. It was suggested that errors could possibly also be detected and persistency limited with e.g. PHICH DTX detection.

The false alarm rate issue was discussed in the context of solutions 1 and 5, and several means to ensure low false alarm rates were identified. Means identified included:

· TPC value restriction (2 bits which were suggested not to be needed for SPS)

· Only allow SPS resource assignment during on-duration (on-duration is only a fraction of a DRX cycle)
· Only allow signalling of SPS resource assignment with new data (RAN1 has agreed to indicate new data with an explicit NDI bit)

· adaptive SPS retransmissions are handled with 'dynamic'/'normal' C-RNTI
More companies seemed to share the view that false alarm rate would be acceptable with some form of restriction on when to consider the SPS control valid.
4. Summary and Proposed Way Forward
Of the three remaining proposals ( 1) Separate C-RNTIs; 4) Codepoint in MCS field; 5) PDCCH scrambling), the C-RNTI based solution received more support than the other proposals, some companies asking for some form of restriction on when to consider the SPS control valid. The CRC based approach is similar to the C-RNTI based solution but has more impact on RAN1. The MCS based scheme was perceived to be more complex than the other proposals. At a late stage in the discussion a concern regarding the general principle of using PDCCH for SPS (re-)configuration was raised, proposing to reconsider MAC Control element based SPS (re-)configuration.

No agreement was reached. 

Proposed way forward: Noting that the solution currently having the strongest support appears to be C-RNTI based SPS (re-)configuration with some form of usage restriction (implicit or explicit), it is proposed to continue the discussion at RAN2#61bis and agree on one of the three solutions: 1) Separate C-RNTIs; 4) Codepoint in MCS field; 5) PDCCH scrambling.
