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1 Introduction

Persistent scheduling was agreed in RAN2 where the initial packet is transmitted on pre-assigned resources without PDCCH. A typical use case of persistent scheduling is VoIP. Retransmissions would require PDCCH in order to relief UE blind detection complexity. The PDCCH for the retransmission would have the signaling relating to the initial transmission. This document investigates this PDCCH format.

2 DL persistent scheduling and PDCCH

Figure 1 shows the operation principle of the HARQ transmissions for DL persistent scheduling. 
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Figure 1: HARQ transmissions for DL persistent scheduling

For the initial transmission, the eNode B does not transmit PDCCH. The eNode B simply transmits the downlink data on a pre-assigned VRB in a subframe within a configured time window for the UE. If multiple sets of pre-assigned VRB(s) are configured to a UE, the eNode B transmits on one of them. The UE performs a blind detection of the transmission format, i.e. the TBS, MCS, VRB and subframe within the configured time window. 

Note that the UE needs to store the received data (soft values) for all preassigned VRBs and subframes in its HARQ buffer. 

For the 2nd transmission, a PDCCH is necessary to avoid a complicated blind detection of the combination of candidates of transmission format for the initial transmission and the 2nd transmission. The PDCCH should include information of transmission format used for initial transmission. Therefore, the content of the PDCCH for the retransmissions of persistent scheduling is different from the one for dynamic scheduling. 

The need of PDCCH in the 3rd transmission is arguable because the UE already knows the transmission format of the previous transmissions via the PDCCH for the 2nd transmission. In our view a PDCCH is also necessary for the 3rd and also additional transmissions (all retransmissions). The reasons are as follows:
1. It is necessary to distinguish the 3rd transmission from a new initial transmission.
2. If the UE misses the PDCCH for the 2nd transmission, the UE does not have the information on the format of the initial transmission. 
3 Content of PDCCH for retransmission of persistent scheduling 

Based on the discussion in section 2, we suggest the content of the PDCCH for retransmissions of persistent scheduling as shown in Table 1. 

Table 1 PDCCH content for retransmission of persistent scheduling (10MHz)
	Field
	Bits
	Explanation

	Resource allocation 
(for retransmission) 
	5
	alternatives 
- 0bit: same VRB as initial tx (or predefined VRB hopping) 
- 5bit: some flexibility of number of RBs and RB position 
- 11bits: full flexible allocation (log2(N_RB(N_RB+1)/2))
Full flexible resource allocation would not be necessary, but some flexibility would be beneficial. 

	TBS, MCS and VRB used for initial transmission
	Up to 4
	Assuming the number of blind detection for initial transmission is within 16 per subframe. 

	Subframe used for initial transmission
	Up to 5
	Maximum value would be 24 subframes (6 process times 4 retransmissions if we assume 6 HARQ processes) 

	HARQ
	Up to 1 
	Process number: 0 (We propose only 1 process for persistent scheduling for simplicity.)
NDI : not necessary 
RV: 0-1 bit 

	UE ID (CRC)
	16
	

	Total 
	Up to 31
	


Consideration on the resource allocation bits is as follows. If fully flexible continuous resource allocation is supported, i.e. 11bits for resource allocation field, the payload size (37bits) is similar to the one for the PDCCH for uplink allocation [1]. In case of no flexibility of the resource allocation, 11bits can be saved. The assumption is that one VRB(s) is allocated persistently and the same VRB (or predefined VRB hopping) is used for the retransmissions. If the VRB can not be allocated because the VRB is already allocated to another UE, the eNB may shift the data transmission to next subframe. There would be no strong need to support a fully flexible resource allocation for VoIP. But some flexibility would be beneficial for avoidance the collision with resources for other VoIP UEs and for interference randomization. 

In total, around 31 bits would be candidate for the payload size. Note that the numbers are initial numbers and fine tune is necessary. 

When we use a different payload size than for uplink allocation, 23%(=(40-31)/40) of the PDCCH resource can be saved assuming the payload size of PDCCH for uplink allocation is 40bits. However, in this case the UE may need to monitor an additional PDCCH format. Therefore, we need to design the payload format carefully with taking into account the trade off between the number of the blind detection and the PDCCH overhead. 

4 Conclusion
In this contribution, we discussed the PDCCH for retransmissions of DL persistent scheduling. The PDCCH contains the transmission format (TBS, MCS, VRB, subframe) used for the initial transmission. The required payload size would be smaller than the one for PDCCH for uplink allocation. If using a smaller payload size than the PDCCH for the uplink, we should take into account the impact on the blind detection.
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