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1. Introduction
This contribution considers the required UL grant size in E-UTRA. Primarily due to the condition for single carrier transmission but also due to the varying size of the sounding reference signal (SRS) transmission bandwidth (BW) to support scheduling of UEs in varying SINR conditions and allow increased multiplexing capacity, UL grant sizes corresponding to operation in smaller system BWs can be used for UL scheduling in a larger system BWs. 
This is particularly important considering that UEs having SRS transmission in a BW smaller than the operating one (for example, SRS transmission BW of 6 RBs or less in a 10 MHz system BW) are those with low long term SINR (cell edge UEs). Therefore, the savings from a smaller UL grant size for low SINR UEs are further magnified when considering the lower coding rate required for the reliable reception of the corresponding UL grant. The benefits are either improved throughput, or better coverage, or better BLER/BER performance for the PDCCH fields (UL/DL grants, CCFI, ACK/NAK, etc.) because, for the same PDCCH size, more sub-carriers become available to be used for power boosting.
The reduction in the UL grant size for cell edge UEs is subsequently analyzed and the corresponding reduction in the total average UL grant size is evaluated.

2. UL Grant Size Considerations
It is simple to show that for the SC-FDMA contiguous allocations over a maximum of N RBs, the number of possible allocations to a UE is 
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 bits. Table 1 shows the required number of bits in the UL grant to specify the assigned RB mapping for the E-UTRA supported BWs. Although one or more RBs may be pre-assigned to PUCCH or VoIP transmission, it is assumed for simplicity that all RBs are available for data transmission.

Table 1: Required Number of Bits for RB Mapping and Savings from Using Mapping for 1.4 MHz

	System Bandwidth 
	Log2(N(N+1)/2)
	Cell Edge UEs 
Sounding over 6 RBs
	Savings %

	1.4 MHz (6 RBs)
	5
	5
	0

	3.0 MHz (15 RBs)
	7
	5
	29 

	5 MHz (25 RBs)
	9
	5
	44

	10 MHz (50 RBs)
	11
	5
	55

	15 MHz (75 RBs)
	12
	5
	58

	20 MHz (100 RBs)
	13
	5
	62


Table 1 also includes the savings in the number of bits if the allocation could be interpreted as over only the corresponding number of RBs for the 1.4 MHz system BW. Such allocations can apply for low SINR UEs which in order to achieve the desired PUSCH target BLER (in the range of 10% or somewhat higher) require that their transmission power is not spread over substantially the entire operating BW. Also, scheduling over about 6 RBs or less for low SINR UEs has been shown to be preferable, considering the corresponding UE transmission power limitations, since the improved CQI accuracy from concentrating the SRS transmission power over a smaller BW outweighs the reduced frequency diversity gains offered by a larger scheduling BW [1, 2].

For UEs with low SINR having an SRS BW smaller than the operating one, regardless of whether the SRS is hopping in frequency or transmitted over the same BW, the scheduling is typically over a BW similar to the SRS transmission BW. Therefore, assigning to low SINR UEs an UL grant which allows for all RB allocations (for example, over the entire operating BW) and over all transport block sizes (for example, including ones for assignments over a large RB number or for the higher transport block sizes) is clearly wasteful.  
Table 2 shows the corresponding savings from using the appropriate dimension for the UL grant information fields when considering the overall UL grant size at 10 MHz and 1.4 MHz system BWs. The number of bits required for the two largest fields (resource allocation and transport block size and/or MCS) is substantially reduced by about 50%. The total UL grant size reduction is smaller, mainly due to the irreducible number of CRC (UE ID) bits.
Table 2: Required Number of Bits for RB Mapping and Savings from Using Mapping for 1.25 MHz

	Information Field
	Number of Bits @ 10 MHz
	Number of Bits @ 1.25 MHz
	Comment

	Resource Allocation
	11
	5
	Consecutive RBs

	TBS + MCS
	8
	4
	MCS Levels (reduced for 1.25 MHz)

	HARQ
	2
	2
	Synchronous HARQ

	TPC
	2-3
	2-3
	Power control commands

	SDMA
	0-3
	0-3
	SDMA support for a maximum of 8 UEs

	CRC (UE ID)
	16
	16
	UE ID masked in the CRC

	TOTAL
	39-43
	29-33
	About 25% reduction in UL grant size


As only a portion of UEs experience low long term SINRs (e.g. cell edge UEs), the reduction in the UL grant size is applicable to at least such UEs. However, these are the UEs requiring the lowest UL grant coding rates so that the reduction in the raw number of information bits for the UL grant is further magnified after encoding. The average savings in the total size of the UL grants are subsequently evaluated taking into account that for many UEs the full UL grant size for the operating BW is actually used. The UEs for which the reduced UL grant size is assumed to apply may be a lower bound to the corresponding number of UEs in practice (e.g. in the most important case of a fully loaded system). Therefore, the corresponding gains in the average total size of UL grants may be respectively considered as a lower bound to ones that could be achieved in practice.

Figure 1 shows the UE geometry (SINR) distribution for Cases 1 and 3 in the E-UTRA system evaluation. For a 2x2 antenna setup and the TU6 channel, the required UL grant code rate to achieve a corresponding BLER of 0.01 is 1/12, 1/6, and 1/3 for SINRs of about -3 dB, between -3 dB and 0 dB, and between 0 dB and 6 dB, respectively. A code rate of 2/3 can be used otherwise [3, 4]. For the 1x2 setup and for flatter than the TU6 channels, about 1.5-2.0 dB needs to be added to the above numbers. 
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Figure 1: Geometry CDF for Case 1 and Case 3.

For Case 1, the percentage of UEs with SINR below -3 dB, between -3 dB and 0 dB, and between 0 dB and 6 dB is respectively 9%, 21%, and 32%. For full UL grant size and normalizing by the corresponding information bits, the total average size of the UL grants is: 

9*12 + 21*6 + 32*3 + 38*3/2 = 387.

Assuming that for UEs with SINR below 0 dB the PUSCH does not span more than 6 RBs and the SRS is over about 6 RBs or less and not over the entire operating BW, the short UL grant can be used (which has the same configuration as the regular UL grant for 1.4 MHz system BW). Then, from Table 2, accounting for the 25% reduction in UL grant size for UEs with low SINRs (two lowest code rates), the total average size for the UL grants is: 

9*12*0.75 + 21*6*0.75 + 32*3 + 38*3/2 = 328.

Therefore, the savings are 15.2% of the total average size of UL grants.
For Case 3, the percentage of UEs with SINR below -3 dB, between -3 dB and 0 dB, and between 0 dB and 6 dB is respectively 13%, 20%, and 33%. Repeating the same evaluation as above, the savings from using a short UL grant are 16.2% of the total average size for the UL grants.

For the 1x2 setup or for channels with low frequency selectivity, the same evaluation as before can be repeated by adding 1.5-2.0 dB to the previous SINR ranges where the code rates of 1/12, 1/6, 1/3 and 2/3 are applicable. Then, after adding 1.5 dB, the percentage of UEs with SINR below -1.5 dB, between -1.5 dB and 1.5 dB, and between 1.5 dB and 7.5 dB is respectively 18%, 19%, and 35% for Case 1 and 23%, 21%, and 32% for Case 3. Performing the same evaluation as above using the full UL grant size for all UEs and the short UL grant size for UEs with SINR below 1.5 dB, the savings in the total average size of the UL grants for Case 1 and Case 3 are 17.3% and 18.8%, respectively.

Therefore, by using a short UL grant size for low SINR UEs, the total average size of UL grants is reduced by 15%-20%. This reduction increases for the larger system BWs and approaches 25% at 20 MHz. The instantaneous gains can be much larger and restrictions in simultaneously scheduling several low SINR UEs due to the limit in the PDCCH size are substantially alleviated.
The reduction in the total average size of UL grants can translate to better throughput, better coverage, or improved DL/UL grant and CCFI BLER and ACK/NAK BER. The total PDCCH size may often be reduced, for example from 3 to 2 symbols resulting to a throughput gain of 9%. Alternatively, the reduction can translate to more available sub-carriers for power boosting of the various PDCCH fields. For example, if for a fully loaded system at 10 MHz the UL grants of full size occupy 1 OFDM symbol, a reduction by 15%-20% corresponds to about 100 sub-carriers which can be used to boost the power of the RS (transmitted over 100 sub-carriers) by 3 dB. Substantially larger power boosting, if needed, is available for the ACK/NAK signals. Coverage can also improve as coverage limited UEs use the shorter UL grant and the required power to reach such UEs is more easily achieved as fewer sub-carriers need to be transmitted. 
To reduce decoding complexity at the UE, the eNB can pre-assign the UL grant size through higher layer signaling over a time period corresponding to non-negligible long term SINR changes (i.e. in the order of hundreds of milliseconds or even slower). For example, one bit is needed if the full and a short UL grant are used in the system. Alternatively, the UE may implicitly determine its UL grant size based on its assigned SRS transmission BW. Notice that this still allows UEs having SRS transmission BW smaller than the operating one, such as for example an SRS transmission BW of 10 MHz in a 20 MHz system BW, to receive UL grants of full size.
3. Conclusions
This contribution considered the UL grant structure for UEs with low SINR. As these UEs are only scheduled in few RBs and as, due to the single carrier property, these RBs are contiguous, there is no need for the UL grant to convey information used for scheduling over the entire operating BW. A short UL grant, conveying scheduling information over only a portion of the operating BW, can be used in addition to using the full UL grant size allowing scheduling over the entire operating BW.

This leads to substantial reductions in the total average size of UL grants and to even larger occasional reductions in the total size of UL grants per sub-frame. These savings increase with the system BW, can occasionally result to significant throughput gains of about 9% and can be always traded off to improve coverage and performance of PDCCH fields without introducing any additional eNB transmitter and UE receiver operations. Moreover, the restrictions in scheduling a relatively large number of low SINR UEs, due to the corresponding restriction in the PDCCH size resulting from the need to transmit the scheduling grants with low code rates, are considerably reduced.

It is therefore proposed that the UL grant structure captures only the necessary information fields for the corresponding scheduling BW of a UE and does not contain redundant information.
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