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1. Introduction
This contribution is a revised version of R1-080664 and considers reductions in the UL-SCH assignment (UL grant) size (format 0). In general, efficient PDCCH design is a critical differentiating feature of E-UTRA and minimizing its size is a key design objective. This has led to the adoption of a compact format for the DL-SCH assignment (format 1A) [1]. However, further PDCCH size reductions are highly desirable and necessary. As the DL/UL grant sizes [2] have grown (by over 20%) beyond the ones assumed for keeping the PDCCH within 3 OFDM symbols without significant scheduler constraints or throughput loss [3-5], it is essential to optimize the efficiency of the most frequently used PDCCH formats.
Primarily due to the single carrier property, UL grant sizes corresponding to operation in smaller system BWs can be used for UL scheduling in larger system BWs. A compact UL grant (format 0A) is introduced to exploit the fact that an UL transmission is over consecutive RBs. As the use of the compact UL grant is primarily targeted for low SINR UEs (and possibly for operation in fully loaded systems), not only does it result to improved throughput but it can also increase PDCCH coverage. The bit savings from format 0A are further magnified by the corresponding lower code rate used for low SINR UEs. Additionally, for the same total PDCCH size, the BLER of other PDCCH fields (UL/DL grants, PCFICH, PHICH, etc.) can be improved as more REs become available for power boosting. 
The attributes of the compact UL grant and the average reduction in the total size of UL grants are subsequently examined. 
2. Compact UL Grant
UL scheduling of low SINR UEs is typically over a small number of RBs and allowing for all possible RB allocation sizes is clearly wasteful. Moreover, for multiplexing capacity issues as well as for UL CQI estimation quality issues [6], the SRS BW of low SINR UEs is smaller than the operating BW. The scheduling BW can then be associated with the SRS BW or the BW of the last PUSCH transmission. It should be noted that, as for the compact DL grant (format 1A), the scheduler can always choose to (semi-statically) assign to a UE either the full UL grant (Format 0) or the compact UL grant (format 0A). 
Table 1 compares the fields in formats 0 and 0A and shows the size reduction achieved with format 0A at 10 MHz. 
Table 1: Required Number of Bits for Format 0 and Format 0A
	Field
	Number of Bits – Format 0
	Number of Bits – Format 0A
	Comments for Compact Size

	DL or UL Format
	1
	0 
	Applicable only for Formats 0/1A

	RB assignment
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	4
	Max 5 RBs PUSCH Allocation

	Transport Format
	5
	3
	QPSK only, up to 5 payload sizes         3 entries reserved for RV 1, 2, 3

	NDI
	1
	1
	NDI only (synchronous HARQ)

	CQI Report trigger
	1
	0
	CQI Reports on PUCCH Only

	PUSCH TPC
	2
	2
	PUSCH TPC

	Hopping Flag
	1
	1
	Indicates Frequency Hopping

	Cyclic shift for DM RS
	0 or 3
	0
	No SDMA for low SINR UEs      

	UE Antenna Selection
	0
	0
	Implicitly Signaled

	BW Selection
	0
	1
	Indicates PUSCH Tx BW (last PUSCH Tx BW or last SRS BW)

	CRC
	16
	16
	

	Total
	27-30 + 9/11/13 at 5/10/20 MHz 
	28 – Bandwidth Agnostic
	26%-32% Reduction at 10 MHz


The reduction in the UL grant size is due to:

a) RB mapping efficiency (low SINR UEs do not transmit over the entire BW – scheduling limited to less than 6 RBs) 

b) No SDMA use as accuracy of channel estimation is poor for low SINR UEs and scheduling is over less than 6 RBs 

c) Reduction in number of transport formats – QPSK only modulation and 4 payload sizes for low SINR UEs
d) No DL grant of the same size and no CQI transmission in the PUSCH.
For the purposes of the following evaluation analysis, the compact UL grant (DCI format 0A) is assumed to apply only to low SINR UEs (4-CCE and 8-CCE aggregations). As these UEs require the lowest coding rates, the reduction in the raw number of information bits is magnified after encoding. In practice, DCI format 0A may be used for a larger number of UEs especially for fully loaded systems (for which the PDCCH size reduction is most important). Therefore, the reduction in the average total size of UL grants can be viewed as a lower bound to possible ones in practice.

Figure 1 shows the UE geometry (SINR) distribution for Cases 1 and 3 in the E-UTRA system evaluation. For the 2x2 antenna setup and the TU6 channel, the required UL grant code rate to achieve 1% BLER is 1/12, 1/6, and 1/3 for SINRs of about [-5.5 -2.5] dB, [-2.5, 0.5] dB, and [0.5, 6.5] dB, respectively. A code rate of 2/3 can be used otherwise [7, 8]. 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.
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 compact UL grant (DCI format 0A) to UEs for which the UL grant code rate is 1/12 or 1/6 and accounting for 26%-32% reduction in the UL grant size (10 MHz), 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
	16.4%-20.1% 
	18.0%-22.1% 
	19.4%-23.9% 
	20.5%-25.2% 


Using compact UL grants for low SINR UEs reduces the total average size of UL grants by at least 16%-25% at 10 MHz. This reduction increases for the larger system BWs and can exceed 30% at 20 MHz. The instantaneous gains can be much larger. The actual gains may 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 to provide some SINR margin in achieving the target PDCCH 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 be reduced, for example from 3 to 2 symbols for a throughput gain of 9%. 
b) Restrictions and delays in scheduling low SINR UEs are alleviated. 
c) The total UL grant size reduction can translate to more available REs for power boosting of other PDCCH fields. 
d) Coverage can improve as the compact UL grant requires less power (fewer REs) to be transmitted. 

3. Impact on Number of Blind Decodings
The impact on the maximum number of blind decodings (BDs) a UE needs to perform due to the introduction of DCI format 0A may range from no impact at all to only a few additional BDs. This is subsequently analyzed in detail.
If a UE is semi-statically assigned one DCI format for DL-SCH assignments and one DCI format for UL-SCH assignments, the introduction of format 0A has no impact on the maximum number of BDs, especially if format 0A is targeted only for low SINR UEs and therefore only for the larger CCE aggregations. 

If a UE is semi-statically assigned one DCI format for DL-SCH assignments, other than format 1A but it is also required to decode format 1A, and format 0 has the same number of bits as format 1A, then the introduction of format 0A can lead to a small increase in the maximum number of BDs a UE needs to perform depending on the supported CCE aggregations in the UE-specific search space as it is subsequently discussed. This is now considered under the current setup for the UE-common and a UE-specific search spaces [9]. 
In [9], the UE-common part consists of 16 CCEs supporting 2 aggregations of 8 CCEs or 4 aggregations of 4 CCEs. Therefore, for each DCI format, the maximum number of BDs is 6. The DCI formats are 0/1A and 3/3A, the maximum total number of BDs for all DCI formats is limited to about 10, and it is FFS whether additional formats are defined in the UE-common search space [9]. 
The introduction of format 0A in the UE-common search space has to result in more BDs only if both formats 3/3A have the same size as formats 0/1A. Requiring format 3/3A to have the same size as format 0/1A implies that, even accounting for a 12-bit or 16-bit CRC, about 20-30 1-bit TPC commands should be accommodated per sub-frame only for format 3A. With the possible exception of 20 MHz, this is excessive for all other BWs and furthermore, as format 3/3A is coded with the lowest code rate and typically transmitted with full power to reach lower SINR UEs, having an unnecessarily large size is particularly detrimental. Clearly, it is desirable to minimize the size of format 3/3A and having it the same as the one for format 0A provides a much better alternative over the size of format 0/1A. 
Therefore, under the framework in [9], the total number of BDs in the UE-common search space is 12. This requires that the size of format 3/3A is the same as the size of format 0A. There is no increase in the number of BDs relative to not having format 0A if avoiding an unnecessarily large size (equal to that of format 0/1A) for format 3/3A is to be achieved. 
For the UE-specific search space all aggregation levels are supported and a total of about 30 BDs is budgeted. The following design conditions [9] result to 32 BDs (different CCE aggregation levels may also be configured): 
· Decoding attempts per payload size (assuming 2 payload sizes per aggregation level)

· 6 decoding attempts of 1-CCE aggregation

· 6 decoding attempts of 2-CCE aggregation

· 2 decoding attempts of 4-CCE aggregation

· 2 decoding attempts of 8-CCE aggregation

· FFS if the above can be changed with RRC signaling (max 2 configurations in total)

· DCI formats, semi-static configuration of one of the alternatives

· 0/1A, 1 (”non-spatial-multiplexing”)

· 0/1A, 2 (”spatial multiplexing”)

· FFS: compact MIMO (size 1), compact UL (new size)

Similarly to the semi-static configuration of the DCI formats above, a UE is assumed to be semi-statically configured for either format 0 or format 0A. Therefore, there is no difference in the number of BDs in the UE-specific search space if a UE that is assigned a DL-SCH assignment format other than format 1A is not required to also decode in the same sub-frame format 1A, or if format 0 does not have the same size as format 1A. For example, the latter could be the case with different DL and UL BWs. Otherwise, introducing format 0A does increase the number of BDs but, as it may be used only for low SINR UEs, the additional BDs can be constrained only to 8-CCE and 4-CCE aggregations and only 4 more BDs are introduced in the UE-specific search space (using the CCE aggregations in [9] – however, regardless of the specific numbers for the CCE aggregations, only a few large ones can be supported resulting to only a few more BDs). 
Therefore, introducing a compact format for UL-SCH assignments has either no impact or a negligible impact on the UE PDCCH decoding complexity.
4. 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 for scheduling over the entire operating BW. A compact UL grant, with scheduling information only over a portion of the operating BW (based on the last SRS transmission or on the last scheduling assignment), and without features not useful to low SINR UEs, can be used in addition to the full UL grant.
The use of a compact DCI format for UL-SCH assignments (format 0A) leads to substantial reduction in the total average size of UL grants, ranging between 16%-25% at 10 MHz, and to even larger occasional reductions on a sub-frame basis or at higher BWs. As the UL grants represent one of the most significant PDCCH fields, such optimization/reduction is essential to an efficient PDCCH design. 
It is therefore proposed to support a compact format for the UL-SCH assignment (format 0A) in E-UTRA.
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