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1 Introduction

During the RAN1 #53bis meeting, RAN1 discussed the problems of semi-persistent scheduling (SPS) activation with a single PDCCH in the LS R2-082892 [1] from RAN2 and gave a reply in LS R1-082766 [2]. In the Jeju meeting, RAN2 discussed some issues in the LS and gave RAN1 the reply in the LS R2-084903 [3]. However, the following issues still remain:
· RAN2 kindly asks RAN1 to make a decision between option 1 and option 2 and inform RAN2 of the outcome

· RAN2 has not discussed whether the 2-bit reservation in DCI format 1/1A is sufficient in providing additional flexibility in UL ACK/NAK resource allocation
· RAN2 has decided to use PDCCH to perform explicit release of SPS resources for downlink and uplink, but no further details were agreed
In addition, it is still not clear if sufficiently many bits or states can be found to sufficiently reduce the false positive case probability, without degrading the system performance. In this contribution, we discuss the remaining issues above and outline our views.

2 Discussion
2.1 Option 1 and Option 2
Current option 1 takes 2 bits straight from the resource allocation field for the virtual CRC bits. This may appear on the surface to be simpler than option 2, but in fact greatly complicates the resource allocation of the different formats, in different ways. We list the possible and reasonable methods to reserve the virtual CRC bits in resource allocation field of format 0 and 1/1A under all cases in Table 1 to Table 3. 

It is observed that method 1 in Table 1 sets limitations to small RB and probably some large RB assignments (including whole bandwidth assignment) depending on the actual value of system bandwidth. It was pointed in [2] that retaining whole bandwidth in the resource allocation for SPS is dangerous because the whole frequency resource may be damaged if UL false positive happens. Method 2 and 3 in Table 1 have LSB bits reserved for virtual CRC bits thus set restrictions on the starting resource block for SPS. These restrictions may be worse than option 1 considering inter-cell interference and the effects on dynamic scheduling. 
Moreover, if hopping is enabled in format 0 or distributed transmission is enabled in format 1A, reserving 2 bits in the resource allocation causes restrictions to PUSCH hopping and PDSCH distributed transmission. For example, 2 MSB bits reserved for virtual CRC bits in the resource allocation of format 0 when hopping is enabled will exclude the predefined PUSCH hopping type according to TS 36.213. For format 1A, 2 MSB bits reserved in resource allocation when distributed transmission is enabled will exclude the distributed transmission with gap 2 value.

Format 1 has two resource allocation types, type 0 and type 1, and the resource allocation restriction due to 2 reserved bits is different for each type. Table 2 and Table 3 show the resource allocation restriction on type 0 and type 1 respectively. For type 1, reserving 1 or 2 MSB bits for bandwidth larger than 10 PRBs is not desired, as some RBG subsets may be forbidden totally. 

Table 1: Resource allocation restriction for format 0 when hopping is disabled and format 1A when localized transmission is enabled 
	Method
	Virtual CRC bits 
	Resource allocation restriction

	1
	2 MSB bits
	
[image: image1.wmf]10

£

DL

RB

N
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	Full 1~2 RB, part of (all if 
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	Full 1~3 RB, part of (none if 
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=16) 4 RB and large RB including whole bandwidth assignments
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	Full 1~5 RB, part of 6 RB and large RB including whole bandwidth assignments
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	Full 1~4 RB, part of 5 RB and large RB including whole bandwidth assignments
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	Full 1~7 RB, part of (all if 
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=32) 8 RB and large RB including whole bandwidth assignments
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	Full 1~6 RB, part of 7 RB and large RB including whole bandwidth assignments
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	Full 1~5 RB, part of 6 RB and large RB including whole bandwidth assignments
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	Up to 8 RB can be fully covered for all the bandwidths, 9 RB to 23 RB can be partly covered depending on the bandwidth, large RB including whole bandwidth assignments

	2
	2 LSB bits
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	Starting RB is restricted and choices of RB length are more than its opposite bandwidth of option 1

	3
	1 MSB bit, 1 LSB bit
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	Starting RB is restricted and choices of RB length are more than its opposite bandwidth of option 1 but less than option 2


Table 2: Resource allocation restriction for type 0 of format 1 
	Method
	Virtual CRC bits 
	Resource allocation restriction

	1
	2 MSB bits
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	2 RBGs (or 2 PRBs if 
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	2
	2 LSB bits
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	2 RBGs (or 2 PRBs if 
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	3
	1 MSB bit, 1 LSB bit
	
[image: image21.wmf]110

6

£

£

DL

RB

N


	1 RBG (or 1 PRB if 
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) is forbidden in lower band and upper band respectively


Table 3: Resource allocation restriction for type 1 of format 1 
	Method
	Virtual CRC bits 
	Resource allocation restriction

	1
	2 MSB bits
	
[image: image23.wmf]10

£

DL

RB

N


	2 PRBs in lower band are forbidden
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	2nd RBG subset and the right shift of the resource allocation span are forbidden 
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	2nd, 3rd and 4th RBG subsets are forbidden 

	2
	2 LSB bits
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	2 PRBs in upper band are forbidden
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	2 PRBs in upper band of a RBG subset are forbidden

	3
	1 MSB bit, 1 LSB bit
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	1 PRB is forbidden in lower band and upper band respectively

	
	
	
[image: image29.wmf]26

11

£

£

DL

RB

N


	2nd RBG subset and a PRB in upper band of a RBG subset are forbidden 
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	2nd, 4th RBG subset and a PRB in upper band of a RBG subset are forbidden 


From the above discussion, it is observed that reserving 2 bits in the resource allocation (option 1) puts too many restrictions on the resource allocation. It also does not guarantee that some large RB assignments (including the full bandwidth) are forbidden for wide bandwidth cases. 

Option 2 has advantages over option 1 because it allows more flexibility with resource allocation restriction. It has been proposed in RAN1 to limit the available Transport block sizes (TBS) for the SPS together with the RRC set up. For format 0 and 1A, one simple and possible method would be to reserve:

· 1 bit in the MCS field and, 
· 2 bits from the code points combination of resource allocation by restricting the maximum RB assignment of different bandwidth for SPS
A list of the maximum RB limitation is given in Table 4. It can be seen from the table that the performance may suffer for small bandwidth if a sum of three virtual CRC bits are needed from MCS and resource allocation fields. In addition, this method is difficult to apply to format 1 with type 0 and type 1 resource allocation.

Table 4: Maximum RB assignment for format 0 and 1A 
	Bandwidth (RB)
	Maximum RB

	6
	1

	15
	2

	25
	5

	50
	11

	100
	23


2.2 Other options of virtual CRC bits in the Resource Allocation and MCS
It was pointed out in [2] that both options have the same problem that there may be not be sufficient bits or code points to achieve a sufficient reduction of the false positive case probability without degrading the performance. Table 4 above shows that there is little scheduling flexibility for narrow bandwidth. In the LS [2], it was also suggested maybe some other options can be adopted, for example, increasing the CRC length directly. Our view is that increasing CRC bits will reopen the agreed conclusion on CRC length for all the dynamic grants and thus to go too far to solve SPS false positive problem especially in this late stage.

It was suggested in [4] that valid TBS for SPS is signalled via higher layer signalling. We share the viewpoint but have a slightly different solution. We propose an option 3 that:

1. the exact TBS is signalled via higher layer 
2. 1 bit in the MCS field indicates the modulation order, 0 for QPSK and 1 for 16QAM；at least 3 of the remaining 4 bits are reserved for virtual CRC bits

3. no bits reserved for virtual CRC in the resource allocation

Note that this option 3 can take place of current option 1 and option 2. Since more than 3 bits can be reserved, the false alarm probability is low enough that the effects of including large RB assignment in the resource allocation field when false alarm happens can be neglected.
2.3 RRC+PDCCH SPS A/N resource mapping
RAN1 decided to use 2 or 3 bits in format 1/1A for SPS A/N resource indication along with RRC in the LS [2] and asked RAN2 if 2 bits are enough. We propose a simple scheme of RRC+PDCCH SPS A/N resource mapping which can be easily extended to any bits. Suppose the RRC configured SPS A/N channel is noted by 
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Where 
[image: image35.wmf]M

 equals the number of bits for SPS A/N channel mapping in the PDCCH. We list the example in Table 5 when 2 TPC bits alone are used to indicate the SPS A/N channel. If 3 bits are required, one of the reserved virtual CRC bits has to be taken, for example, one bit from HARQ process ID. 

 Table 5: SPS A/N channel
	TPC
	SPS A/N channel 
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2.4 SPS resource release for uplink and downlink

It is difficult to have a uniform and costless SPS resource release method for both uplink and downlink based on current option 1 and option 2. But if option 3 can be agreed on, it is very easy to take one bit of the MCS to indicate SPS release while false alarm requirement, schedule flexibility and simplicity are all achieved. 
3 Conclusion
In this contribution, the remaining issues on PDCCH for semi-persistent scheduling are discussed. It is concluded from our discussions that:

· If one of option 1 and option 2 has to chosen, then:

· for DCI format 0 and 1A, option 2 is preferred 

· for DCI format 1, both option 1 and option 2 are undesirable 

· If other options can be considered, then an option 3 proposed in section 2.2 is preferred to current option 1 and option 2 

· A detailed RRC+PDCCH SPS A/N resource mapping scheme is proposed in section 2.3

· A detailed SPS resource release method with PDCCH is proposed in section 2.4.
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