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1. Introduction

In meeting 3GPP RAN2#53, it was generally agreed that there are three types of scheduling modes [1]: 

-  Dynamic Allocation: a scheduling mode where both resource unit grant(s) and data rate grant(s) are allocated to a given UE by the MAC sublayer, potentially for a defined number of TTIs.

-
Pre-Defined Allocation: a scheduling mode where resource unit grant(s) are allocated to a given UE for an undefined duration by the RRC layer, and where data rate grant(s) are dynamically allocated to the same UE by the MAC sublayer.

-  Semi-Static Allocation: a scheduling mode where both resource unit grant(s) and data rate grant(s) are allocated to a given UE by the RRC layer for an undefined duration.
Clearly, for dynamic allocation and semi-static allocation, resource unit grants and data rate grants are allocated by the same layer, the allocation of resource unit and data rate is synchronous. However, for pre-defined allocation, resource unit grants are allocated by RRC layer and data rate grants are allocated by the MAC sublayer. Hence, the duration of resource unit grants may be longer than that of data rate grants. In other words, only the data rate grants change while the resource unit grants don’t change in a period. We argue that some bits for resource assignment information can be saved in UL scheduling grant signalling in this case.
2. UL scheduling grant signalling
UL scheduling grant belongs to the L1/L2 control signalling, and Table 1 lists the information bits in the TR 25.814 [2].

[image: image1.emf]Field  Size  Comment   ID (UE or group specific)    [ 8 - 9 ]  Indicates the UE (or group of UEs) for which  the grant is intended   Resource assignment  FFS  Indicates which uplink resources, localized  or distributed, the UE is allowed to use for  u plink data transmission.   Resource assignment  Duration of assignment    2 - 3  The duration for which the assignment is  valid. The use for other purposes, e.g., to  control persistent scheduling, ‘per process’  operation, or TTI length, is FFS.   TF  Transmission parameters  FFS  The u plink transmission parameters  (modulation scheme, payload size,  MIMO - related information, etc) the UE shall  use. If the UE is allowed to select (part of)  the transport format, this field sets  determines an upper limit of the transport  format the UE may sel ect.    


Table 1:  UL scheduling grant

There are two coding schemes for control signalling: separate coding and joint coding. The separate coding scheme has a high affinity to UE-dependent link adaptation such as transmission power control (TPC) and adaptive modulation and coding (AMC) for the L1/L2 control channel. The joint coding scheme can reduce the overall number of control signalling bits for multiplexed UEs and has a higher channel coding gain. Both joint coding scheme for control information of multiple sets of UE and separate coding scheme can be applicable to the UL scheduling grant. 
3. Proposed new format for UL scheduling grant signalling
As discussed above, with pre-defined allocation, resource allocation will be unchanged and only the data rate grants need to be sent in practical instantaneously. Thus, except for the first TTI of resource allocation, the bits for resource assignment could be minimized.

In our proposed schemes, we add one bit for scheduling type indicator but save some bits for resource assignment or UE IDs. Because usually the bits for resource assignment or UE IDs are more than the bits for scheduling type indicator, our proposed schemes could minimize the signaling bits. 

For proposed scheme 1 with separate coding based on [3], one bit for scheduling type indicator is assigned to follow each UE ID. 1 means that the UE is scheduled with pre-defined allocation and not be the first TTI of resource allocation, 0 means else situation. When the bit for scheduling type indicator is 1, there’s no need on the bits for resource assignment. Table 2 lists the detailed scheme 1. NPRE is the number of UEs with pre-defined allocation. 
	UE ID
	9* NUE

	Scheduling Type Indicator
	1*NUE

	Resource assignment
	9* (NUE- NPRE)

	Assignment duration
	3* (NUE- NPRE)

	Transport format
	8* NUE

	CRC
	16* NUE


Table 2: Proposed scheme 1 with separate coding

For proposed scheme 2 with joint coding based on [4], we add one bit for scheduling type indicator following AEI bits which are 1s. When AEI bit is 0, it means that the UL entry is null, and then we don’t signal for scheduling type indicator. The bit ‘1’ for scheduling type indicator means that the UE associated with the resource block is done with pre-defined allocation and not be the first TTI of resource allocation, the bits for UE ID and assignment duration can be saved. When the bit for scheduling type indicator is 0, it means other situation. Fig 1 shows the scheme.
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Fig 1: The principle of proposed scheme with joint coding

The detailed scheme 2 is list in Table 3.

	Resource assignment
	NRB

	AEI bits
	<= NRB

	Scheduling Type Indicator
	<=AEI bits

	UE ID
	9*  (NUE- NPRE)

	Assignment duration
	3*  (NUE- NPRE)

	Transport format
	8* NUE

	CRC
	16


Table 3: Proposed scheme 2 with joint coding

The gain of our schemes depends on the number of UEs with pre-defined allocation in one subframe and system bandwidth. For example, when the bandwidth is 10M, the number of resource blocks will be 24, and the scheduled UEs in one subframe will be less than or equal to 24. With our schemes, the added bits for scheduling type indicator will also be less than or equal to 24, and 12 bits will be saved for one UE with pre-defined allocation. Thus, when there is more than one UE with pre-defined allocation, our schemes will save the bits in most cases. When there are more than two UEs with pre-defined allocation, our schemes will be sure to save the bits.

Table 4 presents the threshold number of UEs with pre-defined allocation with different system bandwidths, assuming the size of resource block is 375 KHz. While the actual number of UEs with pre-defined allocation is not less than the threshold, our proposed solution starts to outperform the conventional scheme.

	System bandwidth
	The threshold of UE number with pre-defined allocation

	5MHz
	1

	10MHz
	2

	20MHz
	4


Table 4: The threshold of UE number with pre-defined allocation

It should be noted that we just try to add a type of UL grant signalling for pre-defined allocation of scheduling. When no UE with pre-defined allocation exists, traditional schemes such as [3] [4] should be used instead of proposed schemes.
4. Conclusion

In this invention, we propose a new format of UL scheduling grant signalling for pre-defined scheduling mode. We seek for better trade-off between increasing bits scheduling type indicator and saving bits for resource assignment or UE IDs. Most probably the number of bits for resource assignment or UE IDs is more than that of scheduling type indicator, The signalling bits could be minimized by the proposed schemes.
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		Field

		Size

		Comment



		Resource assignment

		ID (UE or group specific)




		[8-9]

		Indicates the UE (or group of UEs) for which the grant is intended



		

		Resource assignment

		FFS

		Indicates which uplink resources, localized or distributed, the UE is allowed to use for uplink data transmission.



		

		Duration of assignment




		2-3

		The duration for which the assignment is valid. The use for other purposes, e.g., to control persistent scheduling, ‘per process’ operation, or TTI length, is FFS.



		TF

		Transmission parameters

		FFS

		The uplink transmission parameters (modulation scheme, payload size, MIMO-related information, etc) the UE shall use. If the UE is allowed to select (part of) the transport format, this field sets determines an upper limit of the transport format the UE may select.






