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1
Introduction
Semi-persistent scheduling using a single PDCCH has been agreed by RAN2. In order to increase the reliability of SPS activation, it is agreed in [1] to reserve 3 bits worth of resource allocation and MCS, along with bit reservations for other fields, for DL and UL SPS activations. 

In [2], RAN1 was asked by RAN2 to make a decision between two options of reserving the above 3 bits, namely:

Option 1:2 bits from Resource Allocation and 1 bit from MCS. That is, set the MSB bit(s) to zero.

Option 2:Reserving the equivalent of number of states corresponding to a sum of 3 bits from the combination of Resource Allocation and MCS. That is, limiting the available Transport block sizes (TBS) for the SPS together with the RRC set up. 

In this contribution, we investigate option 1, in particular, the impact of 2-bit reservation from resource allocation (RA) field. We show that the impact of 2-bit reservation can be well controlled by a simple and appropriate signalling and resource indication value (RIV) interpretation of the RA field. Indeed, it provides more flexible resource allocations than what option 2 can offer, without involvement of RRC signalling. Therefore, option 1 is recommended for the 3-bit reservation scheme for SPS activations.

2
Discussion 
2.1
Option 1 for SPS Activation
 

As in [1], the 2-bit reservation from RA comes from the 2 MSB bits. Similarly, the 1-bit reservation from MCS comes from the MSB bit. 
The impact of reserving the MSB bit for the MCS field is obvious. That is, it effectively limits the modulation order to QPSK and 16QAM. 

On the other hand, the impact of reserving 2 MSB bits from the RA allocation field is not that straightforward. This is the focus of this contribution. In this contribution, for DL SPS activations, we will focus on DCI format 1A.
2.2
Signalling and RIV Interpretation
We will study two possible signalling and RIV interpretation approaches. 
Approach I: Original Signalling and RIV Interpretation
That is, the signalling and RIV interpretation is kept the same as currently being defined for DCI format 0, and DCI format 1A. For instance, for DCI format 0, the RIV is computed by:
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For any given RA size, the starting PRB can be anywhere. 

Approach II: An Alternative Signalling and RIV Interpretation
Note that for SPS applications, when 1 RB assignment is deemed necessary, eNB can assign up to NRBUL (or NRBDL)  SPS users. For 2-RB assignments, eNB can assign up to 
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) can be supported. On the other hand, due to the nature of SPS assignments, the utilization of channel information by SPS in terms of RA location may not be as effective as that of dynamic assignments.

In light of the above, it is natural to limit the starting PRBs of length-n (RBs) SPS assignments to 
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 possible locations. To be more specific, we can do the following:

· For length-1 (RB) SPS assignments, no restriction on where an eNB may signal the location of the starting PRB, denoted by RBstart
· For length-2 (RBs) SPS assignments, RBstart can only take values with 2RBs spacing, e.g., {0, 2, 4, 6, …}
· For length-n (>2) (RBs) SPS assignments, RBstart can only take values with nRBs spacing, e.g., {0, n, 2n, 3n, …}
The interpretation of RIV can be done as follows (using UL as one example, can be similarly done for DL as well):

· Denote the length of the assignment by
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Where RBstart can only take values from {0, 
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Note that, instead of using NRBUL, one can also use NRBPUSCH in the above description in order to discount PUCCH control resources.
2.3 Impact of Reserving 2 MSB Bits of RA for SPS
We are now ready to study the impact of reserving 2 MSB bits of RA for SPS, in terms of the possible RA sizes. It is evident that the impact depends on the allocation type of the SPS activation. To be more specific, for UL, the impact depends on whether PUSCH hopping is enabled. For DL, it depends on whether PDSCH assignment is localized or distributed. It is necessary to differentiate the impact under these cases.

Case 1: No Hopping UL / LVRB DL
In this case, there is no or little difference between UL (possible difference may result from PUCCH) and DL. The impact is summarized in the following table. As can be seen, approach I provides reasonably large SPS assignments. Approach II, on the other hand, offers RAs with all possible RB sizes, except for the 6-RB system bandwidth case.
Table 1 Available RA Sizes (RBs) for SPS Applications, No Hopping UL / LVRB DL
	
	System Bandwidth (RBs)

	
	6
	25
	50
	100

	Approach I
	1 (full)

2 (partially)
	1-5 (full)

6 (partially)

22-25 (full)
	1-10 (full)

11 (partially)

42-50 (full)
	1-20 (full)

21 (partially)

82-100 (full)

	Approach II
	1 (full)

2 (partially)
	All possible RB sizes
	All possible RB sizes
	All possible RB sizes


Case 2: Hopping- UL

In this case, approach I is rather limited in RA sizes. Approach II, however, still provides at least 7 RBs SPS assignments (compared with a max of 10 RBs for the dynamic scheduling case) for the 5 and 10MHz cases, while providing full flexibility in RA sizes in the 20MHz case. 
Table 2 Available RA Sizes for SPS Applications, UL Hopping

	
	System Bandwidth (RBs)

	
	6
	25
	50
	100

	Dynamic Assignments
	1-2
	1-10
	1-10
	1-20

	SPS Approach I
	1 (partially)
	1-2 (full)

3 (partially)
	1-2 (full)

3 (partially)
	1-5 (full)

6 (partially)

	SPS Approach II
	1 (partially)
	1-7

8 (partially)
	1-7
	All possible RB sizes


Case 3: DVRB – DL

In this case, approach I may assign up to 6 RBs for 5/10Mhz systems. Approach II again provides full flexibility in RA sizes for 5/10/20MHz systems. 
Table 3 Available RA Sizes for SPS Applications, DL DVRB
	
	System Bandwidth (RBs)

	
	6
	25
	50
	100

	Dynamic Assignments
	1-2
	1-24
	1-16
	1-16

	SPS Approach I
	1 (full)

2(partially)
	1-5 (full)

6 (partially)
	1-5 (full)

6 (partially)
	1-10 (full)

11 (partially)

	SPS Approach II
	1 (full) 

2  (partially)
	All possible RB sizes
	All possible RB sizes
	All possible RB sizes


2.4 System Bandwidth and VRB Type Dependent RA Bit Reservations

As seen earlier, approach II is very flexible in RA sizes for SPS activation. Indeed, for some cases, especially when the system bandwidth is large, there is a possibility of reserving more number of bits while maintaining the same level of flexibility. On the other hand, for small system bandwidths, reserving 2 bits from RA may appear too aggressive. For instance, the RA sizes for SPS application in the 6 RB case is limited to up to 1 RB in the UL hopping, and up to 2 RBs with only 2 possible starting PRBs otherwise.

Note that false alarm probability in SPS activation is dependent on the number of SPS users. Typically, this number grows with system bandwidth. Therefore, it is reasonable make the RA bit reservation system bandwidth dependent, instead of fixing it at 2 bits. 
Moreover, since the max RA size is dependent on the hopping/VRB type, it is reasonable that make the RA bit dependent on the hopping/VRB type as well.
The following may be considered when choosing the number of reserved bits:
· For the non-hopping (UL) or LVRB (DL) case, the max RA size for SPS applications can be the same as or at least comparable  to (e.g., 1/3) the system bandwidth 

· For the hopping (UL) or DVRB (DL) case, the max RA size for SPS applications can be the same as or at least comparable to the corresponding max RA size for the dynamic scheduling case
The number of reserved bits from the RA field is summarized in the following table. Note that for small system bandwidths (6-15 RBs), only 1 bit from the RA field is reserved. Otherwise, at least 2 bits are reserved, which meets or exceeds the original target of a fixed 2-bit reservation. The corresponding max RA sizes for SPS applications for 6 typical system bandwidths are summarized in Table 5.
Table 4 Bandwidth and VRB Type Dependent Bit-Reservation from RA
	
	System Bandwidth (RBs)

	
	6-15
	16-31
	32-90
	91-110

	UL
	Non-hopping
	1
	2
	3
	4

	
	Hopping
	1
	2 
	2
	2

	DL
	LVRB
	1
	2
	3
	4

	
	DVRB
	1
	2
	2
	3


Table 5 Max RA Sizes (RBs) for SPS Applications using Table 4, Approach II (full: full flexibility)
	
	System Bandwidth (RBs)

	
	6
	15
	25
	50
	75
	100

	UL
	Non-hopping
	Full
	Full
	Full
	Full
	Full
	Full

	
	Hopping
	≤ 2
	Full
	≤ 8
	≤ 7
	Full
	Full

	DL
	LVRB
	Full
	Full
	Full
	Full
	Full
	Full

	
	DVRB
	Full
	Full
	Full
	Full
	Full
	Full


2.5 Discussion of the Impact and Comparison with Option 2
From the above analysis, approach I of signalling and RIV interpretation may offer limited SPS RA sizes, especially for the UL hopping case. This may not be desirable.

On the other hand, approach II of signalling and RIV interpretation in most cases provides full flexibility in SPS RA sizes as for the dynamic scheduling case. The number of reserved bits from the RA field for large system bandwidths (32 RBs or larger) can indeed exceed the original target of a fixed 2-bit reservation. 
Note that option 2 in the 3-bit reservation of RA and MCS in [1] incurs RRC configuration, and involves hand-picking transport block sizes (TBSs), which offers only limited flexibility and may not be future proof. 

Proposal: given its simplicity and flexibility, option 1 with approach II is recommended for the 3-bit reservation of RA and MCS for a clean and complete solution for SPS activation.
3
Conclusion 

We propose to adopt option 1 (2 bits reservation from RA and 1 bit reservation from MCS) for SPS activation with a single PDCCH, using the following signalling and RIV interpretation:
· For any length
[image: image14.wmf]1

³

CRBs

L

SPS assignments, RBstart can only take values from {0, 
[image: image15.wmf]CRBs

L

, 2
[image: image16.wmf]CRBs

L

, 3
[image: image17.wmf]CRBs

L

, …} (possibly offset by a constant)
· RIV is computed and signalled as: 
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, where NRB is the bandwidth of interest (e.g., NRB = NRBPUSCH for UL, and NRB = NRBPDSCH for DL)

· The number of reserved bits from RA is system bandwidth dependent and/or VRB-type dependent, as shown in Table 4
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