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1. Introduction 
The problem of semi-persistent scheduling activation with single PDCCH was discussed in RAN1 #53bis meeting. In the reply LS [1] to RAN2, RAN1 identified that a sum of 3 additional ‘virtual CRC’ bits could be reserved from the resource allocation and MCS field.  2 options were given on this issue
· Option 1: 2 bits from Resource Allocation, and 1 bit from MCS.Proposal  
· Option 2:  3 bits from the combination of  resource allocation and MCS
In this contribution, we recommend option 2 to be adopted. Further the corresponding method of reserving bits from resource allocation and MCS is studied.
2. Description
Option1 takes 2 bits straightly from the resource allocation (RA) field. It seems simpler than option 2. But, it is not appropriate for small system bandwidth. For example, when the bandwidth is 6 RB (1.25 MHz), the total RA bits is 5 (use format 0, non-hoping). However, we need at least log2(6+5) ≈4 bits to indicate the typical cases of allocating 1 RB and 2 RB in SPS. If 2 bits are reserved for ‘virtual CRC’, there are only 3 bits remain, which are obviously not enough. 
However, it is not a problem for big system bandwidth, since the RA bits would be sufficient to be used in SPS. So, the flexibility of option 2 is recommended for different bandwidth usage. We suggest setting up a threshold of M. If the bandwidth in RB is smaller than M, 1 bit is reserved from RA field, while 2 bits are reserved from MCS. If the bandwidth is bigger than or equal to M, 2 bits are reserved from RA filed, while 1 bit is reserved from MCS.
3. Detailed method to reserve 1 or 2 bits from MCS field
 (1) Reserve 1 bit from current MCS reduces the set of MCS levels from 32 to 16. 
For DL SPS, we construct a new 16-MCS table by extracting the MCS levels whose IMCS corresponding to 0-9 and 11-16 from the current DL MCS table [2]. For UL SPS, we construct a new 16-MCS table by extracting the MCS levels whose IMCS corresponding to 0-10 and 12-16 from the current UL MCS table [2].  
The reason why not selects the MCS level of IMCS=10 in DL SPS is that the MCS level of IMCS=10 has the same TBS index and the same spectral efficiency with the MCS level of IMCS=9. The difference in BLER performance between these two MCS levels is not significant. The absence of IMCS=10 also ensures the TBS index ranges from 0-15.
 The reason why not chooses the MCS level of IMCS=11 in DL SPS is similar with that of UL SPS. Table 1 and table 2 give the proposed modulation and TBS table for DL and UL SPS respectively.
Table 1: Proposed 16 levels modulation and TBS table for DL SPS
	MCS index in DL SPS
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	Current DL MCS index
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	Modulation Order
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	0
	0
	2
	0

	1
	1
	2
	1

	2
	2
	2
	2

	3
	3
	2
	3

	4
	4
	2
	4

	5
	5
	2
	5

	6
	6
	2
	6

	7
	7
	2
	7

	8
	8
	2
	8

	9
	9
	2
	9

	10
	11
	4
	10

	11
	12
	4
	11

	12
	13
	4
	12

	13
	14
	4
	13

	14
	15
	4
	14

	15
	16
	4
	15


Table 2: Proposed 16 levels modulation and TBS table for DL SPS

	MCS index in UL SPS
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	Current UL MCS index
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	Modulation Order
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	0
	0
	2
	0

	1
	1
	2
	1

	2
	2
	2
	2

	3
	3
	2
	3

	4
	4
	2
	4

	5
	5
	2
	5

	6
	6
	2
	6

	7
	7
	2
	7

	8
	8
	2
	8

	9
	9
	2
	9

	10
	10
	2
	10

	11
	12
	4
	11

	12
	13
	4
	12

	13
	14
	4
	13

	14
	15
	4
	14

	15
	16
	4
	15


(2) Reserve 2 bits from current MCS further reduces the set of MCS levels to 8.
One method is to extract the first 8 MCS levels from the current MCS table, which limits the modulation order to QPSK.  However, it’s not recommend by us. Because in the case of small bandwidth, channel resource is very limited and high spectral efficiency is needed to increase the throughput. Therefore, higher modulation order like 16QAM should be adopted.
So, we uniformly extract 8 MCS from the above 16-MCS table. Notice that the spectral efficiency range of this new 8-MCS table is approximate to that of 16-MCS table. The proposed 8-MCS sets for DL/UL SPS are shown in table 3 and table 4.

Table 3: Proposed 8 levels modulation and TBS table for DL SPS
	MCS index in DL SPS
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	Current MCS index
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	Modulation Order

[image: image11.wmf]m

Q


	TBS Index
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	0
	0
	2
	0

	1
	2
	2
	2

	2
	4
	2
	4

	3
	6
	2
	6

	4
	8
	2
	8

	5
	11
	4
	10

	6
	13
	4
	12

	7
	15
	4
	14


Table 4: Proposed 8 levels modulation and TBS table for DL SPS
	MCS index in UL SPS
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	Current MCS index
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	Modulation Order
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	0
	0
	2
	0

	1
	2
	2
	2

	2
	4
	2
	4

	3
	6
	2
	6

	4
	8
	2
	8

	5
	10
	2
	10

	6
	13
	4
	12

	7
	15
	4
	14


4 bits in the MCS field are needed to indicate the MCS level in table 1 and table 2, while 3 bits is needed for the MCS in table 3 and Table 4. Compare to the current MCS indication, 1 or 2 addition bits are reserved.
Since the RV information is reserved [1], chase combine is supported in both DL/UL SPS. If IR-HARQ is supported, a fixed RV order such as [0 2 3 1] can be considered (FFS).

Since the adaptive HARQ is used in DL, the Modulation order for DL retransmission can be derived from spectral efficiency which is in terms of ‘modulation order product code rate (MPR)’. (MPR = code rate(r)*modulation order (m)). We suggest to set up a threshold of P, if MPR<P, QPSK is adopted, else if MPR≥P, 16QAM is adopted. 
The MPR can be derived from TBS and allocated bandwidth (BW), such as MPR = TBS / BW.
4. Detailed method to reserve 1 or 2 bits from resource allocation field
For resource allocation type 0, 
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bits provide the resource allocation.

· The first field with one bit is used to indicate a shift of the resource allocation span within the resource block groups (RBGs). A bit value of 1 indicates shift is triggered. Shift is not triggered otherwise.
· The second field with includes a bitmap, where each bit of the bitmap addresses a single RBG in all RBGs such a way that MSB to LSB of the bitmap are mapped to the RBGs in the increasing frequency order. The RBG is allocated to the UE if the corresponding bit value in the bit field is 1, the RBG is not allocated to the UE otherwise. The portion of the bitmap used to address RBG s in all RBGs has size 
[image: image18.wmf]TYPE0

RB

N

 and is defined as 
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For resource allocation type 1, 
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bits provide the resource allocation.

· The first field with 
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bits is used to indicate the selected RBG subset among 
[image: image22.wmf]P

 RBG subsets.

· The second field with one bit is used to indicate a shift of the resource allocation span within a subset. A bit value of 1 indicates shift is triggered. Shift is not triggered otherwise.
· The third field includes a bitmap, where each bit of the bitmap addresses a single PRB in the selected RBG subset in such a way that MSB to LSB of the bitmap are mapped to the PRBs in the increasing frequency order. The PRB is allocated to the UE if the corresponding bit value in the bit field is 1, the PRB is not allocated to the UE otherwise.  The portion of the bitmap used to address PRBs in a selected RBG subset has size 
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For resource allocation type 2, 
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bits provide the resource allocation.

· The number of contiguous RBs that can be assigned for SPS is limited to 
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Note: 
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is the RBG size and k are reserved bits from Resource allocation.
5. Conclusion
In this contribution, DCI format for semi-persistent is discussed. It is concluded from the discussion that:
· Option 2 in LS [1] is recommended. The method of reserving 3 bits form the combination of resource allocation and MCS field is
If the bandwidth in RB is smaller than M, 1 bit is reserved from RA field, while 2 bits are reserved from MCS. If the bandwidth is bigger than or equal to M, 2 bits are reserved from RA filed, while 1 bit is reserved from MCS.

· Chase combine is supported in both DL/UL SPS.
· If IR-HARQ is supported, a fixed RV order can be considered.(FFS)
· Modulation order for DL retransmission can be derived from spectral efficiency which is in term of ‘modulation order product code rate (MPR).
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