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1. Introduction

In RAN2#60bis it was decided that for semi-persistent scheduling RRC is used for configuration an PDCCH for activation. In previous RAN2 meetings there have been proposals on how to use PDDCH for semi-persistent scheduling ([1],[2],[3]).

In the following we provide our view on the already proposed schemes and present our preferred solution on how to configure semi-persistent scheduling (SPS). We propose a codepoint in the MCS field of PDCCH formats to indicate PDCCH for SPS activation. Furthermore, RRC should provide UE with periodicity and transport format information needed to perform semi-persistent scheduling.

2. Discussion  
2.1. Our view on the present proposals for SPS configuration

2.1.1. C-RNTI approach

In [1] a solution is presented that differentiates dynamic from semi-persistent PDCCH by using an additional C-RNTI.

Our main concern with the presented solution is that an additional C-RNTI doubles the false alarm rate which has an impact on the overall collision probability in the system. In the current design with a 16 bit CRC and without the additional C-RNTI the desired collision probability is just met as shown in [5]. 

It was furthermore pointed out in the email discussion on the RAN2 reflector (LTE_B03), that the false alarm rate could be reduced by using a codepoint in the TPC field as an indicator for SPS. However, since it is stressed as one of the benefits of the C-RNTI solution that the same PDCCH format can be used, this property would be lost by using such an indicator. 

2.1.2. Reserved HARQ process in DL/RV in UL approach

In a further solution SPS for the downlink is indicated by a reserved HARQ process ID [2], while uplink SPS is indicated by reserving a RV codepoint [3].

We would clearly prefer a solution that has the same approach in the UL and DL, since, it is then unnecessary additional complexity to have different solutions for UL and DL. Furthermore, since RV is now jointly indicated with the MCS/TBS in the MCS/TBS field, at least the UL proposal in [3] will probably converge in a similar solution as presented in this document. 

In the following we present our preferred solution.

2.2. Configuration of semi-persistent scheduling

As agreed in RAN2#60bis meeting, RRC is used to configure a UE for SPS. Whenever a UE is configured for SPS via RRC, SPS can be activated via the PDCCH.

· As stated in the introduction and in the section above we prefer a solution that can be applied in the UL as well as in the DL and therefore propose to use a codepoint in the MCS field of the PDCCH formats to discriminate between SPS-PDCCH and dynamic PDCCH. It is already agreed in RAN2 that RRC provides periodicity information for SPS. Since only a limited number of TBS/periodicity combinations are necessary to efficiently support SPS operations for VoIP the TBS field is not required. We provide a combination of transport block size information and periodicity in the RRC configuration message. Selection from these combinations can then be made in the TPC field of the PDCCH. 

2.3. Activation of semi-persistent scheduling

As stated in the introduction activation of SPS will be done using a codepoint in the MCS/TBS field of the PDCCH formats used for dynamic scheduling. The MCS/TBS field is a suitable field for a codepoint since it has the same size and position in all the PDCCH formats it is used in.

The selection of the transport block size and the periodicity of SPS is done by using fields in the PDCCH format that are not necessarily required to be signaled in a SPS-PDCCH.

As a possible candidate field we identified the TPC field. It is included in all UL/DL PDCCH formats and we do not see the need to indicate power control information on SPS-PDCCH activation, which will happen very infrequently.  Power control commands can still be send to the UE in dynamic grants. Should a UE only be persistently scheduled the dynamic grants for SPS retransmissions can be used for power control since TBS information is not required. Due to the nature for SPS, retransmission grants are assumed to occur significantly more frequent than SPS activation grants, which allows for a more precise power control. Moreover, the format 3 PDCCH in the current RAN1 working assumption [4] can still be used to convey power control commands to the UE. However, this might need efficient grouping of UEs addressed in one format 3 PDCCH. Furthermore, 2 TBS bits for SPS are sufficient since only a limited number of TBS need to be supported. An exemplary setup of the TPC field selecting the TBS formats provided by RRC is shown on table 1.

	0
	0
	TBS format 1

	0
	1
	TBS format 2

	1
	0
	TBS format 3

	1
	1
	TBS format 4


Table 1 – TPC field bit combinations for TBS format selection
A SPS-PDCCH for uplink and downlink is exemplarily shown in figure 1 below. The fields changed in respect to the PDCCH formats used for dynamic scheduling are colored. It should be noted, that all other fields than TBS and TPC are unchanged.
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Figure 1 -UL and DL PDCCH formats for SPS (examples for PDCCH format 0 (UL) and format 1A (DL))

Please note that the solution discussed in this section allows for explicit deactivation of the SPS. For example, this can be done via PDCCH using a codepoint or via PDSCH (MAC PDU).

2.4. Retransmissions for semi-persistently scheduled data in the downlink

Persistently scheduled initial transmissions are transmitted without any accompanying control information. Therefore, it is not possible to indicate a process to be used for HARQ operations in the DL for such transmissions. Unsynced HARQ operations for SPS will be harmful to both SPS-HARQ operations as well as to dynamic HARQ reservation. In order to provide HARQ operations for SPS  receiver and transmitter need to have the same understanding of HARQ operations. In order to guarantee such a procedure the reservation of dynamic HARQ processes as well as providing extra HARQ memory have been proposed before for SPS.

We propose the reservation of a process out of the HARQ processes used for dynamic scheduling for SPS HARQ operations, since no additional memory needs to be introduced in the UE and a straight-forward indication of SPS-retransmissions can be achieved as described below.

Retransmissions for semi-persistently scheduled initial transmissions can be indicated by a DL PDCCH format used for dynamically scheduled data with the HARQ process ID field set to the process ID reserved for SPS HARQ operations.

This implies, that no additional PDCCH format is needed. Process ID(s) of dynamic HARQ processes can be reserved in the RRC configuration message for SPS.

2.5. HARQ buffer management

 [6] and [7] proposed to reserve several HARQ processes for SPS due to the time restrictions for retransmission that arise  when using only one reserved HARQ process for SPS.

While we have the same concerns regarding the timing issues addressed in [6] and [7] we think that the reservation of more than one HARQ process would be an impact on the UE with regard to maximum data throughput. Under the assumption that the HARQ memory is split (almost) evenly among the HARQ processes (see proposal in [8]), this would result in very inefficient HARQ buffer usage since very small data packets (VoIP packets) would be stored in a relatively large buffer memory. 

Given the issues above we propose that the reserved HARQ process can store two data packets at the same time (two sub‑processes) which we think will provide a sufficient time boundary for retransmissions. With each initial SPS transmission the sub-process ID is automatically incremented and SPS transmissions are then stored in the reserved buffer according to the sub-process. The PDCCH for SPS retransmissions indicatives the sub-process to which the retransmission belongs to. Such an indication could be done by the NDI bit, which is available in all UL and DL PDCCH formats and which is not needed in SPS grants.

3. Conclusion
In the following we summarize the proposals made in this document

Proposal 1: A codepoint in the MCS/TBS field of the PDCCH format is used to discriminate between semi-persistent and dynamic PDCCH.

Proposal 2: RRC configures periodicity/transport block size combinations for talk spurts and silence period. A selection from this table is made in the activation PDCCH for SPS using (FFS) the TPC field.

Proposal 3:  One process out of the 8 processes used for dynamic HARQ operations is reserved for SPS when the UE is configured for SPS. The process to be reserved is selected by eNB and the UE is informed of the reserved process in the RRC configuration message for SPS. Retransmissions for SPS are indicated by the reserved process ID in the HARQ process ID field in a dynamic PDCCH grant.

Proposal 4: The reserved process used for SPS-HARQ can hold two persistently scheduled data packets at once. The PDCCH for SPS retransmissions indicates for which initial transmission the retransmission is intended. 
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