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1
Introduction
Discussion on various resource allocation options for signalling non-contiguous PUSCH has been on going in RAN1 #61bis, RAN1#61 and previous meetings. In RAN1 #61bis, we presented R1-104225 showing comparison of PDCCH overhead between different UL non-contiguous PUSCH Resource Allocation techniques. In this document, we add link performance results and more detailed simulation assumptions for the analysis shown in R1-104225. 
2
Discussion
2.1 Signaling Proposals

Non-contiguous PUSCH resource allocation schemes that have been discussed so far can be broadly classified into two different categories.

Schemes that require specification of a new RA type

Such schemes have been proposed in [1], [2], [3], [4], [5] and [6] (reuse of CQI indexing with some changes). The primary motivation of supporting a new RA type is to fit the non-contiguous RB assignment field within the size of DCI format 0/1A. The advantage with these schemes is PDCCH DCI size for UL non-contiguous resource allocation is smaller. To achieve the smaller DCI size, these schemes restrict non-contiguous resource allocation to only two clusters. 

Schemes that rely Rel8 Type 0/1 RA

Such schemes were proposed in [7], [8]. These schemes provide the same amount of scheduling flexibility as that of Rel8 DL. Due to the additional flexibility, they provide increased throughput gain for non-contiguous PUSCH when compared to schemes that restrict cluster size to two. These schemes also reduce specification complexity (by avoiding the need to specify a new RA type) and implementation complexity (scheduler optimizations suitable for Rel8 type 0/1 allocation can be reused for UL). Since these schemes rely on the more flexible type 0/1 RA that is used for DL, the PDCCH DCI size for these schemes is larger and is similar to Rel8 DL DCI format sizes 1, 2, 2A.

Table 1 shows a scheme that does not require specification of new RA type and relies on Rel8 type 0/1 RA. 
Table 1 – Non-contiguous PUSCH support using Rel8 Type 0/1 RA
	UE not configured for non-contiguous PUSCH
	UE configured for non-contiguous PUSCH

	CSS
	UESS
	CSS
	UESS

	0/1A
	0/1A 
and
 1,2,2A,1B,1D (depending on transmission mode)
	0,1A
	0,1A 
and
 1’, 2’, 2A’ (depending on transmission mode)

	Notes

1. DCI Formats 1’, 2’, 2A’ support UL non-contiguous PUSCH in addition to DL. Therefore they have one extra bit compared to Rel8 DCI Formats 1, 2, 2A to differentiate between UL and DL.  (The extra bit can be avoided by using CRC masking to differentiate between UL/DL)


2. UL non-contiguous PUSCH not supported with DL transmission mode 6 given this mode is used for cell-edge UEs and non-contiguous is not suitable for cell-edge UEs due to A-MPR. Also, UL non-contiguous PUSCH not supported with DL transmission mode 5 (MU-MIMO with CRS) given this mode is unlikely to be used for Rel10 and beyond UEs. 


Table 2 compares DCI Format size difference between schemes that match UL non-contiguous DCI size to Format 0/1A and schemes that match the size to Format 1/2/2A. 

  Table 2 – DCI Size comparison
	Transmission mode
	10MHz
	20MHz

	
	Match to DCI 0/1A approach
	Match to DCI 1/2/2A approach
	Match to DCI 0/1A approach
	Match to DCI 1/2/2A approach

	1
	43
	47
	44
	55

	2
	43
	47
	44
	55

	3
	43
	56/58(2/4Tx)
	44
	64/66(2/4Tx)

	4
	43
	59/62(2/4Tx)
	44
	67/70(2/4Tx)

	5
	43
	-
	44
	-

	6
	43
	-
	44
	-

	7
	43
	47
	44
	55


2.1 PDCCH Overhead Comparison

In [9] and other contributions, it was shown that non-contiguous PUSCH allocations are not suitable for low SNR UEs (i.e., UEs that require high transmission power) due the A-MPR required to mitigate unwanted emissions. Therefore,  Rel8 DCI format 0 grants are expected to be used if a UE is in low SNR condition. Non-contiguous PUSCH grants can be used only if a UE is in high SNR condition. 
For high SNR UEs, 1CCE or 2CCE aggregation level is mostly used for DL PDCCH signaling. If the UL PDCCH DCI size is same as DL (i.e., for schemes that rely on type 0/1 RA) then UL grants would also need 1 or 2CCEs. On other hand if the UL grant size is reduced by using a new RA type, in some occasions there can be a saving of 1CCE per UL PDCCH. 

In Table 3a, we compare CCE allocation probability for 44 (DCI 0, 20MHz) vs. 55 (DCI 1, 20MHz) bit grants for 3GPP Case 1. These CCE allocation probabilities were obtained from dynamic system level simulation with explicit modeling of PDCCH control channels. In Table 3b, we show the same comparison for 3GPP Case3.    
Table 3a - CCE Allocation Probability (%) for 3GPP Case 1

	Aggregation Level
	1
	2
	4
	8

	44 bit grant
	85.72
	13.41
	0.82
	0.05

	55 bit grant
	69.64
	28.00
	2.27
	0.09


 Table 3b - CCE Allocation Probability (%) for 3GPP Case 3
	Aggregation Level
	1
	2
	4
	8

	44 bit grant
	73.36
	23.36
	2.94
	0.35

	55 bit grant
	56.38
	36.89
	6.27
	0.46


As seen from Table 3a, 55-bit UL grants that rely on Rel8 type 0/1 RA require an average of 1.35 CCEs per PDCCH (0.69x1 + 0.28*2 + 0.02*4 + 0.0009*8). Alternately, the new 44-bit UL grants supporting UL non-contiguous RA, which need specification of new RA type and reduce scheduling flexibility, require an average of 1.16 CCEs per PDCCH. Assuming 16 UL grants
 are scheduled in a subframe, using a 44bit DCI size over 55 bit DCI size saves about3 CCEs per subframe for Case 1.     
Table 4a - CCE Allocation Probability (%) for 3GPP Case 1 – Max CR=0.95
(only rank 2 DL UEs considered)
	Aggregation Level
	1
	2
	4
	8

	44 bit grant
	98.66
	1.29
	0.05
	0.00

	70 bit grant
	0.00
	99.54
	0.45
	0.01


Table 4b - CCE Allocation Probability (%) for 3GPP Case 3 – Max CR=095
(only rank 2 DL UEs considered)
	Aggregation Level
	1
	2
	4
	8

	44 bit grant
	98.14
	1.76
	0.09
	0.01

	70 bit grant
	0.00
	99.14
	0.83
	0.03


Table 4c - CCE Allocation Probability (%) for 3GPP Case 1 – Max CR>0.972
(only rank 2 DL UEs considered)
	Aggregation Level
	1
	2
	4
	8

	44 bit grant
	98.66
	1.29
	0.05
	0.00

	70 bit grant
	80.52
	19.02
	0.45
	0.01


Table 4d - CCE Allocation Probability (%) for 3GPP Case 3 – Max CR>0.972
(only rank 2 DL UEs considered)
	Aggregation Level
	1
	2
	4
	8

	44 bit grant
	98.14
	1.76
	0.09
	0.01

	70 bit grant
	76.70
	22.45
	0.83
	0.03


In Table 4a, we compare CCE allocation probability for UEs with rank 2 DL transmission using 44 (DCI 0, 20MHz) vs. 70 (DCI 2, 20MHz) bit UL grants for 3GPP Case 1. We show similar distribution for Case 3 in Table 4b.
For the distributions in Tables 4a,/4b, we limit maximum encoding rate for PDCCH to 0.95 thereby forcing all DCI format 2 grants to have 2CCEs. However, since there is no restriction on maximum coding rate for PDCCH in the specifications, in practice it is possible to signal many of the high SNR UEs with rank 2 DL transmission with 1CCE allocation (i.e., QPSK rate 0.972) and still maintain PDCCH performance of 1% FER as shown in Table 4c/4d. Annex A shows corresponding CCE distributions without the rank2 limitation.  
Distributions in Tables 4a and 4b indicate that, for rank 2 DL UEs, 70 bit grants would require 2CCEs and while 44 bit grants would require 1 CCE. Assuming half of the DL UEs scheduled in a subframe can support rank 2 MIMO (i.e., up to 8UEs assuming 16DL+16UL), 8 extra CCEs (10.5% of available 76 CCEs for 20MHz bandwidth, 4Tx antennas) will be required to support non-contiguous PUSCH with flexible type 0/1 RA. Generally, as more UEs are scheduled using DCI format 2, the extra PDCCH overhead for UL grants relying on type 0/1(that match DCI format 2 size) increases. However, since MIMO UEs have good SNR and require only 1 or 2 CCEs, the overall control overhead also decreases. Given this, the impact of extra CCEs needed by UL grants relying on type 0/1 on PDCCH blocking will not be high. 
While we show the CCE PDFs for Case 3 for reference, UL non-contiguous PUSCH is unlikely to be used for noise-limited deployments such as Case3. Even if used, low SNR UEs will be scheduled using Rel8 DCI format 0 and any control overhead savings obtained by using smaller grants for cell-center UEs will be of the same order as Case 1.   
The slightly higher PDCCH overhead required for using the more flexible Rel8 type 0/1 RA for UL grants appears acceptable when compared to loss in UL throughput due to restriction on number clusters and, the specification and implementation complexity due to introduction of new RA type. Considering this, we propose the following
Proposal: Rel8 type 0/1 DL resource allocation scheme should be re-used for supporting UL non-contiguous PUSCH grants. 
3
Conclusions
In this document we compared UL non-contiguous PUSCH resource allocation schemes that require specification of a new RA type to schemes that rely on existing Rel8 type 0/1 RA. Based on our analysis we propose the following.

Proposal: Rel8 type 0/1 DL resource allocation scheme should be re-used for supporting UL non-contiguous PUSCH grants. 
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Annex A

CCE distributions obtained from system level simulation for all scheduled UEs assuming no limit on maximum PDCCH encoding rate
Table A1a - CCE Allocation Probability (%) for 3GPP Case 1 
(All UEs considered, max CR>0.972)
	Aggregation Level
	1
	2
	4
	8

	44 bit grant
	85.72
	13.41
	0.82
	0.05

	70 bit grant
	49.22
	44.86
	5.89
	0.03


Table A1b - CCE Allocation Probability (%) for 3GPP Case 3 
(All UEs considered, max CR>0.972)
	Aggregation Level
	1
	2
	4
	8

	44 bit grant
	73.36
	23.36
	2.94
	0.35

	70 bit grant
	37.22
	48.01
	13.99
	0.78


PDCCH FER for various grant sizes measured in the system level simulation is shown in table A1 below

Table A1 – PDCCH FER for 3GPP Case 1 and Case 3
	 
	 
	3GPP Case1
	3GPP Case3

	44 bit Grants 
	allCCE
	0.000033
	0.000101

	
	1_CCE
	0.000038
	0.000105

	
	2_CCE
	0.000006
	0.000007

	
	4_CCE
	0
	0.000005

	
	8_CCE
	0
	0.00552

	 
	 
	
	

	 
	 
	
	

	55 bit Grants 
	allCCE
	0.00009
	0.000278

	
	1_CCE
	0.000124
	0.000241

	
	2_CCE
	0.000014
	0.000033

	
	4_CCE
	0.000007
	0.00003

	
	8_CCE
	0
	0.022871

	 
	 
	
	

	 
	 
	
	

	70 bit Grants 
	allCCE
	0.000705
	0.001325

	
	1_CCE
	0.001465
	0.002286

	
	2_CCE
	0.000062
	0.000112

	
	4_CCE
	0.000003
	0.000052

	
	8_CCE
	0
	0.049435


Control channel SNR vs. #CCEs allocated for 3GPP Case1 and Case 3 are shown in Figures A2a and A2b below

[image: image1.emf]#CCEs Allocated a a function of SNR (Case 1, 70 bits)
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Figure A2a – Control channel SNR vs. #CCEs allocated for 3GPP Case 1
[image: image2.emf]#CCEs allocated as a function of SNR (Case 3, 70bits)
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Figure A2b – Control channel SNR vs. #CCEs allocated for 3GPP Case 3
Link performance for the convolutional decoder embedded within the system simulations for 44bit, 55bit and 70bit grants is shown in Figures A3a , A3b and A3c below. Decoder performance is shown for AWGN.  In the system simulation channel models and Interference is explicitly modeled.
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Figure A3a – Convolutional Decoder performance (44 bits AWGN)
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Figure A3b – Convolutional Decoder performance (55 bits AWGN)
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Figure A3c – Convolutional Decoder performance (70 bits AWGN)

Table A4 gives more detailed system simulation assumptions for 3GPP Case 1 and Case 3.

	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 19 macro eNB cell sites, 3 cells per site, wrapped‑around

	Inter-site distance (ISD)
	500 m (DS case 1) , 1732m (DS case 3)

	Lognormal Shadowing 
	As modeled in UMTS 30.03, B 1.4.1.4

	
	Between cells per site
	1.0

	Penetration loss from macro to UE
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Subcarrier spacing
	15 kHz

	Resource block size
	180 kHz (12 subcarriers)

	Subframe duration
	1.0 ms

	Number of OFDM symbols per subframe
	14 (n=2: 11 used for data, 2 for control, 1 for RS overhead)
(n=3: 10 used for data, 3 for control, 1 for RS overhead)

	Channel model
	Typical Urban (TU) 

	Frequency reuse factor
	1

	Hybrid ARQ scheme
	IR , Chase combining (asynchronous) (2/3<MCS<4.8), 16 levels

	Hybrid ARQ round trip delay for UE
	8 subframes (8 ms)

	Thermal noise density
	-174 dBm/Hz

	UE speed 
	3 km/h

	UE receiver
	2 antennas

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Control channel model
	Instantiation of convolutional decoder for each UE modeled

Modeled down to REG level at each cell using Subblock interleaver
Hence effects of interference randomization explicitly modeled

	Control channel grant sizes
	44 bits (format 1A), 55 bits (format 1), 70 biuts (format 2)

	UE Channel Estimation
	Non Ideal

	Interference modeling
	Frequency selective interference from all eNBs/Picos, top 15 interferers with both frequency/spatial selective interference and fast fading

	Link to System Mapping
	Convolutional decoder (for PDCCH)


Table A4 – System simulation Details
































































� Fro 20MHz bandwidth, it is unlikely that more than 16 DL and 16 UL UEs are dynamically scheduled in a subframe.





