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1. Introduction
During RAN1 #53bis meeting, RAN1 discussed the problems of semi-persistent scheduling (SPS) activation with single PDCCH in the LS [1] from RAN2 and gave a reply in LS [2]. Some open issues still remained:
· how to reserve a sum of 3 bits in the Resource Allocation and MCS

Option 1: 2 bits from Resource Allocation and 1 bit from MCS
Option 2: reserving the equivalent of number of states corresponding to a sum of 3 bits from the combination of Resource Allocation and MCS. 

· It is not clear if sufficient many bits can be found without degrading the system performance to achieve a sufficient reduction of the false positive case probability or if different methods also have to be looked at. 
· RAN1 agreed that 2 or 3 bits can be reserved for that purpose, but could not conclude on the exact number of bits. RAN1 agreed at least the following two bits in DCI format 1/1A can be reserved for that purpose, as shown below:

· TPC (2 bits)

In addition, it is not clear how to use RRC+PDCCH to indicate the SPS A/N resource. In this contribution, we discuss the remaining issues above and outline our views.
2. Discussions
2.1. Current options of virtual CRC bits in the Resource Allocation and MCS
Current option 1 takes 2 bits straightly from the resource allocation field for virtual CRC bits which seems simpler than option 2 but it is not recommend from our views for it has different affects on format 0 and 1/1A. 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 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 to set restrictions on the starting resource block for SPS. Therefore they are worse than option 1 considering the inter-cell interference and the affects on dynamic scheduling. Moreover, if hoping is enabled in format 0 or distributed transmission is enabled in format 1A, reserving 2 bits in resource allocation causes restrictions to PUSCH hopping and PDSCH distributed transmission in addition. 
Format 1 has two resource allocation types, type 0 and type 1, so the resource allocation restriction due to 2 reserved bits is different. Table 2 and Table 3 show the resource allocation restriction on type 0 and type 1 respectively. It hurts badly to type 1 if 1 or 2 MSB bits are reserved for bandwidth larger than 10 PRBs because 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
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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

	
	
	
[image: image14.wmf]110

45

£

£

DL

RB

N


	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
	
[image: image19.wmf]110

6

£

£

DL

RB

N


	2 RBGs (or 2 PRBs if 
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	3
	1 MSB bit, 1 LSB bit
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	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

	
	
	
[image: image24.wmf]26

11

£

£

DL

RB

N


	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
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	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 resource allocation (option 1) puts too many restrictions thus to go far beyond to solve the SPS false positive problem. Besides, it can hardly guarantee that some large RB assignments including the full bandwidth are forbidden for wide bandwidth cases. Therefore, the method in option 2 is preferred for simplicity. It is proposed that:

1. the code points in the resource allocation field referred to resource allocation larger than X PRBs are reserved where X=20 is suggested
2. 1 bit in MCS is reserved for virtual CRC bits

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 no sufficient bits or code points to achieve a sufficient reduction of the false positive case probability without degrading the performance. 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 affect the agreed conclusion for all the dynamic grants and thus to go too far to solve SPS false positive problem.
It was suggested in [3] that valid TBS for SPS is signaled via higher layer signaling. We share the viewpoint but have slightly different solution. As suggested in section 2.1, the resource allocation of SPS is restricted to be under 20 PRBs and 1 bit in MCS is reserved. That gives a total of 320 choices for TBS among which 106 distinguishable TBS is observed in Table 4. If restriction on valid TBS for SPS is assumed, the number will decrease further. For example, a total of 10 TBS of NB AMR and WB AMR for VoIP are indicated by red and blue color respectively in Table 4. Thus, the exact TBS can be signaled via 4 bit higher layer signaling together with the SPS A/N resource. In this way, only 1 bit modulation order has to be signaled in active PDCCH, i.e, 4 bits in the MCS field can be reserved beside the code points reserved in resource allocation where the total of 3 bits requirement is met.
Table 4: Transport block size table (dimension 16×20)
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	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0
	16
	32
	56
	88
	120
	152
	176
	200
	232
	248

	1
	24
	48
	88
	120
	160
	200
	232
	272
	304
	344

	2
	32
	72
	120
	160
	200
	248
	296
	336
	376
	424

	3
	40
	104
	152
	208
	272
	320
	392
	440
	504
	568

	4
	48
	120
	200
	264
	320
	408
	488
	552
	632
	696

	5
	72
	152
	232
	320
	424
	504
	600
	680
	776
	872

	6
	320
	176
	288
	392
	504
	600
	712
	808
	936
	1032

	7
	104
	232
	320
	472
	584
	712
	840
	968
	1096
	1224

	8
	120
	248
	392
	536
	680
	808
	968
	1096
	1256
	1384

	9
	136
	296
	456
	616
	776
	936
	1096
	1256
	1416
	1544

	10
	152
	320
	504
	680
	872
	1032
	1224
	1384
	1544
	1736

	11
	176
	376
	584
	776
	1000
	1192
	1384
	1608
	1800
	2024

	12
	208
	440
	680
	904
	1128
	1352
	1608
	1800
	2024
	2280

	13
	232
	488
	744
	1000
	1256
	1544
	1800
	2024
	2280
	2536

	14
	264
	552
	840
	1128
	1416
	1736
	1992
	2280
	2600
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2152
	2472
	2728
	3112
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	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	0
	288
	304
	344
	376
	392
	424
	456
	488
	504
	536

	1
	376
	424
	456
	488
	520
	568
	600
	632
	680
	712

	2
	472
	520
	568
	616
	648
	696
	744
	776
	840
	872

	3
	616
	680
	744
	808
	872
	904
	968
	1032
	1096
	1160

	4
	776
	840
	904
	1000
	1064
	1128
	1192
	1288
	1352
	1416

	5
	968
	1032
	1128
	1224
	1320
	1384
	1480
	1544
	1672
	1736

	6
	1128
	1224
	1352
	1480
	1544
	1672
	1736
	1864
	1992
	2088

	7
	1320
	1480
	1608
	1672
	1800
	1928
	2088
	2216
	2344
	2472

	8
	1544
	1672
	1800
	1928
	2088
	2216
	2344
	2536
	2664
	2792

	9
	1736
	1864
	2024
	2216
	2344
	2536
	2664
	2856
	2984
	3112

	10
	1928
	2088
	2280
	2472
	2664
	2792
	2984
	3112
	3368
	3496

	11
	2216
	2408
	2600
	2792
	2984
	3240
	3496
	3624
	3880
	4008

	12
	2472
	2728
	2984
	3240
	3368
	3624
	3880
	4136
	4392
	4584

	13
	2856
	3112
	3368
	3624
	3880
	4136
	4392
	4584
	4968
	5160

	14
	3112
	3496
	3752
	4008
	4264
	4584
	4968
	5160
	5544
	5736

	15
	3368
	3624
	4008
	4264
	4584
	4968
	5160
	5544
	5736
	6200


2.3. RRC+PDCCH SPS A/N resource indication
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. The detailed scheme was not yet decided at the meeting. We consider that generally the eNB will configure the SPS A/N resource according to the average SPS users in a subframe and  the purpose for using PDCCH is trying to solve a possible RRC configured A/N resource collision between the co-scheduled UEs at the same subframe. Regarding these, we think two bits are enough and propose a method for RRC+PDCCH SPS A/N resource indication.
Suppose the RRC configured SPS A/N channel is noted by 
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, the actual SPS A/N channel is computed as in Table 5.

Table 5: SPS A/N channel
	TPC
	SPS A/N channel 
[image: image38.wmf](

)

1

PUCCH

n



	00
	
[image: image39.wmf](

)

RRC

PUCCH

PUCCH

n

n

=

1



	01
	
[image: image40.wmf](

)

(

)

(

)

(

)

(

)

1

1

1

mod

4

PUCCH

PUCCH

RRC

PUCCH

PUCCH

N

N

ceil

n

n

+

=



	10
	
[image: image41.wmf](

)

(

)

(

)

(

)

(

)

1

1

1

mod

2

PUCCH

PUCCH

RRC

PUCCH

PUCCH

N

N

ceil

n

n

+

=



	11
	
[image: image42.wmf](

)

(

)

(

)

(

)

(

)

1

1

1

mod

4

3

PUCCH

PUCCH

RRC

PUCCH

PUCCH

N

N

ceil

n

n

×

+

=




3. Conclusion

In this contribution, the remaining issues on active PDCCH for semi-persistent scheduling are discussed. It is concluded from the discussions that:
· option 2 in LS [2] is suggested, the combination of resource allocation and MCS is:
· the code points in the resource allocation field referred to resource allocation larger than X PRBs are reserved where X=20 is suggested

· 1 bit in MCS is reserved for virtual CRC bits
· a solution to solve insufficient virtual CRC bits problem by higher layer signaling TBS is proposed.
· a detailed RRC+PDCCH scheme to indicate the SPS A/N resource is suggested.
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