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1. Introduction
This contribution is a revised version of R1-074768 and considers reductions in the UL grant size. The efficient PDCCH design is one of the critical differentiating characteristics of E-UTRA and the necessity for as small as possible sizes of the various PDCCH fields is a key design objective. This has led to the adoption of a short DL grant format but further reductions in the total PDCCH size are necessary. As the recently considered DL/UL grants sizes [1] have substantially grown (by over 20%) beyond the ones assumed for keeping the PDCCH within 3 OFDM symbols without significant scheduler constraints or throughput loss [2, 3, 4], and they may yet somewhat increase, it is highly desirable to avoid having any PDCCH component with a size larger than necessary.
Primarily due to single carrier transmission but also due to supporting different SRS BWs to allow increased multiplexing capacity and scheduling of UEs with varying SINRs, UL grant sizes corresponding to operation in smaller system BWs can be used for UL scheduling in larger system BWs. As the use of short UL grants is primarily targeted for cell edge UEs, in addition to operation in fully loaded systems, it can not only result to improved throughput but it can also increase PDCCH coverage. Even if short UL grants in a fully loaded system are used only for low SINR UEs, the savings are further magnified by the lower UL grant code rate. Additionally, for the same total PDCCH size, the BLER for PDCCH fields (UL/DL grants, PCFICH, PHICH, etc.) can be improved as more REs become available for power boosting. 
The support for a reduced UL grant size and the average reduction in the total size of UL grants are subsequently examined. 
2. UL Grant Size Considerations
For UEs with low SINR, scheduling is typically over a small number of RBs. Moreover, for multiplexing capacity issues as well as for UL CQI estimation quality issues [5], the SRS BW is smaller than the operating BW, regardless of whether the SRS is hopping or transmitted over the same BW. The scheduling BW can then be associated with the SRS BW. Therefore, assigning to low SINR UEs an UL grant which allows for RB allocations over the entire operating BW and for all transport block sizes (TBS) (for example, including large TBS for assignments over a large number of RBs) is clearly wasteful.  
Table 1 shows the savings in the UL grant size for 10 MHz system BW. The gains are primarily due to the RB mapping efficiency (low SINR UEs will not have transmissions over the entire operating BW), the inapplicability of SDMA (accuracy of channel estimation is poor for low SINR UEs and scheduling is typically only over a few RBs), and possibly the TBS indication field (large TBS are not needed for low SINR UEs having low MCS and scheduling over a few RBs). 

Table 1: 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 @ 1.4 MHz
	Comment

	Resource Allocation
	11
	5
	Consecutive RBs

	TBS + MCS
	4-7
	3-4
	MCS Levels (reduced for 1.25 MHz)

	HARQ
	1-3
	1-3
	Synchronous HARQ

	TPC
	2
	2
	Power control commands

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

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

	TOTAL
	34-42
	27-30
	About 25% reduction in UL grant size


As only a portion of UEs experience low long term SINRs, the UL grant size reduction is applicable to at least such UEs. As these UEs require the lowest UL grant coding rates, the reduction in the raw number of information bits is magnified after encoding. The UEs for which the reduced UL grant size is assumed to apply may be a lower bound to the one in practice (e.g. for a fully loaded system). Also, possible reductions in the TBS field size are not considered. Therefore, the subsequently outlined gains in the average total size of UL grants can be viewed as a lower bound to the ones in practice.

Figure 1 shows the UE geometry (SINR) distribution for Cases 1 and 3 in E-UTRA system evaluation. For the 2x2 antenna setup and the TU6 channel, the required UL grant code rate to achieve BLER of 1% is 1/12, 1/6, and 1/3 for SINRs of about -2.5 dB, between -2.5 dB and 0.5 dB, and between 0.5 dB and 6.5 dB, respectively. A code rate of 2/3 can be used otherwise [6, 7]. 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. 
[image: image1.png]Geometry CDF

Geometry CDF for

Case 1
T

(0.5 Km ISD) and Case 3 (1.732 Km ISD).

09

0.8

0.7

05

0.4

02

—— Case 1
—— Cased

-5 0

5
Geometry (dB)

15

20




Figure 1: Geometry CDF for Case 1 and Case 3.

Assuming UL grant code rates of {1/12, 1/6, 1/3, and 2/3} for UEs with SINR {<-2.5, <0.5, <6.5, >6.5} dB in case of frequency selective channels with 2 Tx antennas and for UEs with SINR {<-1.0, <2.0, <8.0, >8.0} dB in case of frequency non-selective channels, or 1 Tx antenna, or some UE antenna correlation, the percentage of UEs having each of the possible code rates is given in Table 2. For the lower code rates, the corresponding percentages are a lower bound as in practice additional margin needs to be provided to the long term SINR in order to ensure the target UL grant BLER.
Table 2: Percentage of UEs Assigned Each of the UL Grant Code Rates.
	
	Case 1

Frequency Selective
	Case 3

Frequency Selective
	Case 1

Frequency Non-Selective
	Case 3

Frequency Non-Selective

	Rate 1/12
	12
	17
	23
	29

	Rate 1/6
	20
	20
	20
	19

	Rate 1/3
	36
	34
	33
	31

	Rate 2/3
	32
	29
	24
	21


Applying the short UL grant to UEs for which the UL grant code rate is 1/12 or 1/6 and accounting for the 25% reduction in the UL grant size, the savings in the total UL grant size are shown in Table 3.

Table 3: Percentage of Total UL Grant Size Reduction for Various Operating Conditions.
	
	Case 1

Frequency Selective
	Case 3

Frequency Selective
	Case 1

Frequency Non-Selective
	Case 3

Frequency Non-Selective

	Total UL Grant Size Reduction
	15.7% 
	17.3% 
	18.6% 
	19.7% 


Using short UL grants for low SINR UEs, the total average size of UL grants is reduced by at least 16%-20%. This reduction increases for the larger system BWs and approaches 25% at 20 MHz. Potential gains from a reduced TBS field are not included. The instantaneous gains can be much larger and restrictions in simultaneously scheduling several low SINR UEs due to the 3-symbol limit in the PDCCH size are substantially alleviated. The actual gains will be even larger due to the larger number of UEs with small RB allocations in fully loaded systems and the more frequent use of the lower code rates than indicated by the geometry CDF in order to provide some SINR margin for the UL grant transmission to achieve the target BLER. 
The reduction in the total average size of UL grants can translate to better throughput, better coverage, less scheduler restrictions, or improved DL/UL grant and PCFICH BLER and PHICH BER: 
a) The total PDCCH size may often be reduced, for example from 3 to 2 symbols resulting to a throughput gain of 9%. 
b) Restrictions and delays in scheduling low SINR UEs are alleviated. 
c) The PDCCH reduction can translate to substantially more available REs for power boosting of PDCCH fields. 
d) 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 REs need to be transmitted. 

To reduce decoding complexity at the UE, the eNB can pre-assign the UL grant size through higher layer signaling (this also allows low SINR UEs to be assigned the full UL grant size). The UE can interpret the BW of the UL grant assignment relative to the last SRS transmissions BW. Alternatively, one more bit may be included in the short UL grant to indicate whether the assigned RBs correspond to the last SRS transmission BW or the BW of the last UL assignment.
3. Conclusions
As UEs with low SINR, or even most UEs in a fully loaded system, are scheduled only in few contiguous RBs, there is no need for the UL grant to always convey information used for scheduling over the entire operating BW. A short UL grant, with scheduling information over only a portion of the operating BW (based on the last SRS transmission or on the last scheduling assignment), without redundant SDMA support, and with possibly a smaller TBS field, can be used in addition to the full UL grant.
The use of a short UL grant leads to substantial reduction in the total average size of UL grants and to even larger occasional reductions on a sub-frame basis. These savings increase with the system BW, may often result significant throughput gains of about 9%, alleviate scheduling restrictions due to the limitation in the total PDCCH size, and can be always be traded off to improve coverage and performance of PDCCH fields.
It is therefore proposed to support a UL grant structure with reduced size in E-UTRA.
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