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1 Introduction

One of the open issues on the PDCCH uplink and downlink assignment design is the signaling of the transport format for PUSCH and PDSCH. Since this PDCCH overhead is quite significant, it is important to define an efficient transport format signaling. Therefore, this contribution proposes a scheme to reduce the number of required bits for indicating the transport format and to improve the transport block padding efficiency.

This contribution is a follow‑up of [1].

It should be noted, that we address the relation of the resource allocation and transport format signaling in an accompanying contribution [2].

2 Transport format signaling

The transport format for the uplink and downlink data transmission on PUSCH and PDSCH is defined by the resource allocation information, the Transport Block Size (TBS), the Modulation and Coding Scheme (MCS) and, additionally, by the multi‑antenna related and HARQ information [3]. 

This contribution focuses on the signaling of the TBS and MCS related information, which could be signaled by the following alternatives:

(a) Signaling of the TBS and explicit signaling of the modulation scheme

(b) Signaling of the MCS, i.e. code rate and modulation scheme

(c) Signaling of the TBS only

(d) Signaling of the Spectral Efficiency (SE) only

As discussed in our accompanying contribution [2], in our view the explicit signaling of the modulation scheme is not required, which allows saving two bits on the transport format signaling. Therefore, only the TBS or the SE would be signaled according to alternatives (c) or (d) above.

In the next section we provide a scheme to reduce the number of bits for signaling the TBS, MCS or SE and to improve the transport block padding efficiency. 

3 Basic principle of the proposed scheme

In RAN1#48bis it has been agreed in [4] that aggregation sizes of 1, 2, 4, and 8 CCEs are used for mapping the PDCCHs onto the CCEs, where QPSK is used and the resulting code rates should be around 1/12, 1/6, 1/3 and 2/3. This allows for a coarse link adaptation of the PDCCH and helps to reduce the dynamic range for the link adaptation by the transmit power control.

Larger aggregation sizes (lower code rates) will be used to address cell‑edge UEs and smaller aggregation sizes (higher code rates) will be used to address cell‑center UEs. Additionally, assuming that on the PUSCH and PDSCH cell‑edge UEs use/receive data from the lower range of the MCS levels and cell‑center UEs use/receive data from the lower range of the MCS levels, it is logical to link the PUSCH/PDSCH related TBS, MCS or SE related signaling to the CCE aggregation size.

Figure 1 shows the basic principle in case of signaling the MCS level or the Spectral Efficiency (SE) according to alternatives (b) and (d) as defined in section 2. For a given CCE aggregation size the MCS/SE signaling field addresses a sub-range of the globally defined MCS/SE range. Since an allocated UE is aware of the CCE aggregation size of its PDCCH (due to successful decoding), it knows how to interpret the signaled MCS/SE field.

Additionally, the MCS/SE levels within a sub‑range may be signaled with different granularities. E.g. the MCS/SE levels at both edges of the sub‑ranges may be less likely to be employed when a certain CCE aggregation size is used on the PDCCH, therefore, a coarser MCS/SE granularity at both edges may be sufficient. This allows for a finer granularity of the predominantly selected MCS levels, which reduces the padding loss.

Figure 2 shows the respective example for signaling the TBS according to alternatives (a) and (c) as defined in section 2.

Annex A provides an example framework how the sub‑ranges and different granularity levels can be implemented in case of an HSDPA‑like signaling scheme, where the TBS is signaled and the granularity of the TBSs is equidistant in log‑domain [5].

Assuming 4 CCE aggregation sizes per PDCCH format and possibly slightly overlapping MCS/SE/TBS sub‑ranges signaled by the different CCE aggregation sizes, up to 2 bits of the transport format signaling are saved.
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Figure 1 – CCE aggregation size dependent MCS/SE signaling (sizes of sub‑ranges are examples)
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Figure 2 – CCE aggregation size dependent TBS signaling (sizes of sub‑ranges are examples)
4 System level analysis

4.1 System level performance

In order to analyze the appropriate sub‑ranges and granularities, system level simulations for downlink localized transmission are carried out Figure 3 shows a histogram of the selected PDSCH MCS levels for UE speeds of 3 km/h and the correspondingly used PDCCH aggregation sizes. The figure shows that there is a high dependency of the selected PDSCH MCS level on the CCE aggregation size used for the corresponding PDCCH.

In order to verify the robustness of the proposed scheme with respect to different scenarios, the performance for UE speeds of 30 km/h is also analyzed – as shown in Figure 4. To achieve a reasonable PDCCH and PDSCH performance, the SINR thresholds for selecting the PDCCH aggregation sizes and PDSCH MCS levels have been adjusted (compared to 3 km/h) by ~ 4.5 dB and ~ 2.5 dB respectively.

The simulation assumptions and additional results for 5/20 MHz are provided in Annex B and Annex C respectively.

[image: image4.wmf]0

2

4

6

8

10

12

14

16

0

2

4

6

8

10

12

14

16

18

10MHz - 3km/h

PDSCH MCS Level

Relative Frequency [%]

 

 

8 CCEs (4.1%)

4 CCEs (20.1%)

2 CCEs (30.0%)

1 CCE (45.8%)


Figure 3 – Histogram of PDSCH MCS levels and corresponding PDCCH aggregation sizes
(3 km/h, 10 MHz)
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Figure 4 – Histogram of PDSCH MCS levels and corresponding PDCCH aggregation sizes
(30 km/h, 10 MHz)
4.2 Initial MCS table configuration

Table 1 depicts the predominantly selected PDSCH MCS levels for a given CCE aggregation size based on the results presented in the previous section. The table indicates that there is a good match for the different UE speeds. Table 2 shows a possible MCS signaling table definition. The used MCS table with 16 MCS levels could be reduced to 6 MCS levels covering sub‑ranges with different granularities. 
Note, that we assume a finer MCS granularity with more levels for the final specification. For example, the 6 MCS levels described above could scale up to 16 levels (4 bits of signaling).

It should be further noted, that it may be useful for configure separate MCS tables for different DL MIMO modes, for localized and distributed transmission and/or for UL [2]. 

Table 1. Predominant PDSCH MCS level ranges for a given CCE aggregation size

	10 MHz
	8 CCEs
	4 CCEs
	2 CCEs
	1 CCE

	3km/h
	2-4
	4-6
	6-9
	9-13

	30 km/h
	3-6
	6-8
	8-10
	11-15


Table 2. Example configuration of CCE aggregation size dependent MCS level signaling
(“x” indicates supported MCS levels)

	MCS
	Modulation
	Code rate
	8 CCEs
	4 CCEs
	2 CCEs
	1 CCE

	1
	QPSK
	0.12
	x
	-
	-
	-

	2
	QPSK
	0.19
	
	-
	-
	-

	3
	QPSK
	0.26
	x
	x
	-
	-

	4
	QPSK
	0.37
	x
	
	-
	-

	5
	QPSK
	0.48
	x
	x
	x
	-

	6
	QPSK
	0.59
	x
	x
	
	-

	7
	QPSK
	0.72
	x
	x
	x
	-

	8
	16QAM
	0.44
	
	x
	x
	x

	9
	16QAM
	0.53
	-
	x
	x
	

	10
	16QAM
	0.62
	-
	
	x
	x

	11
	16QAM
	0.72
	-
	-
	
	x

	12
	64QAM
	0.53 
	-
	-
	x
	x

	13
	64QAM
	0.61
	-
	-
	
	x

	14
	64QAM
	0.68
	-
	-
	-
	

	15
	64QAM
	0.75
	-
	-
	-
	x

	16
	64QAM
	0.83
	-
	-
	-
	


5 Conclusion

In this contribution the PUSCH and PDSCH transport format signaling on the PDCCH is discussed. Since the PDCCHs for the uplink and downlink assignments cause significant downlink overhead, it is important to reduce their payload sizes and optimize the efficiency. The following proposal can save up to 4 bits on the transport format signaling and improves the transport block padding efficiency:

· Omitting the explicit signaling of the modulation scheme

· The MCS, Spectral Efficiency or TBS signaling is adjusted to the CCE aggregation size of the PDCCH such that

· a sub‑range of the globally defined MCS, SE or TBS is signaled

· different MCS, SE or TBS granularity levels are defined
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Annex A

Table A1. Example for definition of transport block sizes similar to Table 9.2.3.2 in 25.321 [5]
(values for k0,j are not aligned with LTE numerology)
	Combination i
	Modulation scheme
	Number of allocated RBs
	Starting index of coarse granularity
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	Starting index of fine granularity
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	Starting index of coarse granularity
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	0
	QPSK
	1
	20
	30
	60

	1
	
	2
	60
	90
	180

	2
	
	3
	82
	123
	246

	3
	
	4
	98
	147
	294

	…
	
	…
	…
	…
	…

	0
	16-QAM
	1
	60
	90
	180

	1
	
	2
	98
	147
	294

	2
	
	3
	121
	182
	363

	3
	
	4
	137
	206
	411

	…
	
	…
	…
	…
	…

	0
	64-QAM
	1
	82
	123
	246

	1
	
	2
	121
	182
	363

	2
	
	3
	144
	216
	432

	3
	
	4
	160
	240
	480

	…
	
	…
	…
	…
	…


Annex B

Table A1. Simulation parameters
	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 7cell sites, 3 cells per site, wrapped‑around

	Inter-site distance (ISD)
	1732 m

	Distance-dependent path loss
	L = 128.1 + 37.6log10(R), R in kilometers

	Lognormal Shadowing 
	As modeled in UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between sites
	0.5

	
	Between cells per site
	1.0

	Penetration loss
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	5, 10, 20 MHz

	Subcarrier spacing
	15 kHz

	Resource block size
	180 kHz (12 subcarriers)

	Cyclic Prefix overhead
	7.1 % (short CP)

	Subframe duration
	1.0 ms

	Number of OFDM symbols per subframe
	14

	Channel model
	Typical Urban (TU)

	UE deployment
	20 per cell (uniform random spatial distribution over cells)

	Minimum distance between UE and BS
	35 m

	Frequency reuse factor
	1

	Hybrid ARQ scheme
	Chase combining (asynchronous)

	Hybrid ARQ round trip delay
	6 subframes (6 ms)

	Max number of hybrid ARQ retransmissions
	8

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern (horizontal)
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	Total BS TX power
	46 dBm 

	BS antenna gain (incl. cable loss)
	14 dBi

	BS transmitter
	1 antenna

	UE speed 
	3, 30 km/h

	UE receiver
	2 antennas

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	CQI feedback delay
	2 ms

	CQI subband size
	180 kHz (12 subcarriers)

	CQI quantization
	5 bits per value/subband

	CQI feedback cycle
	2 ms

	Link to system level interface
	EESM

	Traffic type
	Full buffer

	Scheduler
	Time and frequency selective Proportional Fair scheduler

Max one codeword per UE within a subframe (mapped across all allocated RBs)

	L1/L2 control channel modeling
	According to Table 1 in [6], Hybrid (b) CCE aggregation


Annex C
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Figure C1 – Histogram of PDSCH MCS levels and corresponding PDCCH aggregation sizes (5 MHz)
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Figure C2 – Histogram of PDSCH MCS levels and corresponding PDCCH aggregation sizes (20 MHz)
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