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1. Introduction
For semi-persistently scheduled UE’s in a TTI, first-transmissions for DL data do not require a DL grant.  A DL grant is needed only for the initial start of SPS (SPS resource assignment), and whenever the eNB needs to override the semi-persistent resource assignment – which by definition should be infrequent; otherwise the sole purpose of DL SPS is lost. 

In general, the HARQ Process ID of a DL (re-)transmission must be indicated in a DL grant because the same cannot be inferred from the TTI in which the (re-)transmission occurs (due to asynchronous nature of DL re-transmissions).  
This contribution proposes a solution for associating HARQ process ID’s to DL semi-persistently scheduled data-transmissions (as they do not have an explicit DL grant for first transmissions). 
2. Discussion
For semi-persistently scheduled UE’s in a TTI, a DL grant is not sent for initial transmission; any subsequent re-transmissions do require a DL grant which also indicates the HARQ Process ID for the re-transmission. 

A mechanism must be devised to keep both UE and eNB in synch regarding the HARQ Process ID used for an initial and subsequent (re-)transmission to alleviate problems caused by the UE and eNB being out of sync.

An obvious solution, in which both UE and eNB assume that the next available HARQ Process-ID gets used for a persistently scheduled DL transmission, is not robust in the presence of errors.  
2.1. HARQ Process ID Ambiguity

Use of next available HARQ Process ID for semi-persistently scheduled data lacks robustness.  The following figure shows how a PDCCH erasure may cause HARQ Process ID confusion between UE and eNB.
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Such an ambiguity in the HARQ Process ID’s leads to an error.  Two sub-cases are possible, depending upon whether UE Acks or Nacks the semi-persistently scheduled data in (b).  In each case data transmitted by the eNB in (a) is lost.

Case 1: 

· UE Acks the semi-persistently scheduled data (b) after successfully receiving it.
· eNB re-transmits in (c) data originally transmitted in (a), after timing out waiting for an Ack from UE.

· Due to HARQ-Process ID confusion, UE discards the data received in (c) and Acks it again, thinking it to be a re-transmission of (b).
· eNB now thinks data in (a) has now been delivered to the UE successfully, when in fact it did not get delivered.
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Case 2: 

· UE Nacks the semi-persistently scheduled data (b) due to transmission errors.

· eNB will re-transmit data from (a) and (b) due to Timeout and Nack respectively.

· eNB re-transmits in (c) data originally transmitted in (a).

· Due to HARQ Process ID confusion, UE may soft-combine this data with soft-data received in (b).  This would likely result in HARQ failure after maximum number of re-transmissions.   Data in (a) remains undelivered.

· Re-transmissions of data originally transmitted in (b) [not shown in the figure], will likely be successful as both UE and eNB will be back in sync with respect to its HARQ Process ID.
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2.2. Proposed Solution

A subset of (one or more) HARQ-process ID’s is specified for use for DL semi-persistently scheduled transmissions.  The subset need only be specified at the time of setting up of persistent scheduling, and communicated to the UE.  

For each persistent scheduling opportunity, both UE and eNB cycle through the subset of specified SPS HARQ-ID’s, starting with the first ID in the subset.  This is done irrespective of whether data is actually transmitted or not during that TTI.  This ensures that eNB and UE always remain in sync.  This does require both eNB and UE to be in sync about the exact starting time for DL semi-persistent transmissions. 
The number of process ID’s to “reserve” for SPS depends upon the expected worst case number of HARQ processes simultaneously active for SPS data.  It is expected to be small for typical VoIP bearers. The worst-case number of simultaneously active HARQ processes for persistent scheduling is dependent on the maximum HARQ-retransmissions configured for the flow and the SPS period.  If the worst-case time for HARQ-retransmissions is greater than the persistent scheduling period, more than one SPS HARQ-processes are needed.  

Two subcases exist for communicating the subset of specified HARQ process ID’s to the UE (depending upon the size of the subset):

1. Only a single HARQ Process ID is sufficient for SPS transmissions:

The HARQ Process-ID reserved for DL SPS transmissions is communicated to the UE  by including it in the SPS DL grant used to initiate the SPS resource assignment i.e. the DL grant that is sent using SPS C-RNTI for the UE.

At every subsequent SPS transmission instant, if UE has not received an explicit DL grant on PDCCH overriding the SPS assignment, UE assumes that a DL grant with NDI has been received for the SPS specific HARQ ID, specifying the SPS resources for DL transmission.
eNB may change the SPS resource assignment and/or the HARQ Process ID by sending a new SPS DL grant (using SPS C-RNTI).

On receiving a new SPS assignment, UE updates the reserved SPS HARQ ID.

2. More than one HARQ Process ID’s are expected to be needed for SPS transmissions:

eNB communicates the size of the subset of SPS HARQ ID’s to the UE via RRC signaling used to setup SPS configuration.

The first SPS HARQ ID is added to the subset, when SPS is initiated by eNB by sending the SPS resource assignment to the UE, as already described in the previous section. 
At this point, UE has a single HARQ-ID in its SPS HARQ ID subset, and it cycles through the same ID every SPS scheduling instant.  As more HARQ ID’s are added to the subset as described below, UE cycles through the HARQ ID’s in the updated set.
At a later SPS transmission instant, eNB may send another SPS assignment grant with essentially the same information as before but specifying the 2nd HARQ ID to be reserved for SPS.  UE on receiving this SPS assignment adds the HARQ ID to its SPS HARQ ID subset.  This step may be repeated a number of times until the SPS HARQ ID subset is fully populated.
Once the SPS HARQ ID set is fully populated, any subsequent SPS assignments with a new HARQ process-ID simply replaces the HARQ-ID (corresponding to the SPS transmission instant) from the SPS HARQ ID subset.
The use of DL grant based SPS resource assignment ensures that both eNB and UE are synchronized regarding the start of SPS transmissions.
Note that the HARQ process ID’s “reserved” for SPS transmissions can be used by eNB for normal dynamic scheduling, if needed.  The only downside of doing so is potential premature termination of the corresponding HARQ process due to the next SPS transmission instant using the same HARQ ID (unless SPS is overridden by a dynamic grant in that TTI).
Example:  Assume HARQ Process ID’s 4-7 are reserved for use in DL persistent scheduling for a UE. This is signaled to the UE as described above, along with other DL persistent scheduling parameters.
The following figure shows UE and eNB remain in sync regarding the HARQ process ID being used for persistent scheduling in spite of PDCCH errors.
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3. Conclusion
Discuss and adopt the concept of using a reserved set of HARQ Process ID’s for DL persistent scheduling. If the proposal is agreed to, Nortel would be happy to draft a CR.
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