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1. Introduction

In Shenzhen RAN1#52bis a subcompact grant referred to as PDCCH of type DCI Format 1C was agreed to reduce CCE and power overhead when scheduling PCH, RACH response, and BCCH messages (SIB1 and SI-x, x=2,…,8).  In Warsaw RAN1#53bis a way forward agreement (R1-082705) concluded the following:

1) A reduced DVRB Type 2 allocation field size based on skipping LCRBs and RBSTART values by k=2 or 4.
- step size k=2 if
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2) A 3-bit MCS/TBS identifier for Paging & RACH response TBS selection from common size 8 TBS set.

3) Further restrictions to reduce RIV field length are FFS.  
4) Use of Redundancy Version (RV) bits in 1C PDCCH for Paging and RACH Response is FFS.
5) A 3-bit TBS identifier + [2]-bit SIB1 identifier (pending RAN2 acknowledgement/agreement) determines TBS from column 2 in TBS table for SI-x, x=2,…,8.
In this paper further reduction in DCI Format 1C payload size is proposed (3-4 bits) by implicit signaling of RV indicator and/or a portion of the MCS/TBS identifier (the latter if RAN2 prohibits 2-bit SIB1 identifier) and small reduction in maximum number of VRBs allocated per BW mode.
2. Further Reduction in DCI Format 1C Payload size

Three techniques are proposed to further reduce 1C payload size (see Table 1) for improved performance:
1) Implicit indication of RV bits (via CRC scrambling or tie to SFN/subframe#):  (saves 2-bits)   
2) Small reduction in maximum VRBs (
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3) Minimum allocation of 4 PRBs for 1.4 MHz BW mode:  (saves 1-bit)

From Warsaw way forward (R1-082705) the number of bits per bandwidth mode is given in Table 1.  If step sizes are reduced from k=2, 4 to k=1, 2 then the payload size increases by another 2-bits.
Table 1 – Payload Reduction for DCI Format 1C with step sizes k=1, 2 and 2, 4
	BW
	step
	Gap
	CRC
	MCS/TBS
	RIV
	RVI
	Total
	Total *
	payload

	
	size
	
	
	index
	
	
	RIV, RVI
	rRIV, iRVI
	reduction

	(MHz)
	(
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	(k)
	(bits)
	(bits)
	(bits)
	(bits)
	(bits)
	(bits)
	(bits)
	(bits)

	1.4
	6
	6
	1, 2
	0
	16
	3
	5, 3
	2
	26, 24
	23, 21
	3

	3
	15
	14
	1, 2
	0
	16
	3
	7, 5
	2
	28, 26
	26, 24
	2

	5
	25
	24
	1, 2
	0
	16
	3
	9, 7
	2
	30, 28
	27, 25
	3

	10
	50
	46
	2, 4
	1
	16
	3
	9, 7
	2
	31, 29
	28, 26
	3

	15
	75
	64
	2, 4
	1
	16
	3
	10, 8
	2
	32, 30
	29, 27
	3

	20
	100
	96
	2, 4
	1
	16
	3
	11, 9
	2
	33, 31
	30, 28
	3


* rRIV – reduced RIV field size by reducing 
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 (see Table 2);      iRVI – implicit RVI used to save 2-bits
The Format 1C payload reduction allows the 98%-ile area coverage reliability (ACR) SINR to be reached for 10 MHz BW mode (-7.3dB/-8.3dB) and/or reduces PDCCH power resources which can then be used for RS, PHICH, or PCFICH power boosting.  For 1.4 MHz the 95%-ile ACR is -2.9 dB but the lowest achievable ‘1C’ PDCCH SNR for 1% BLER is only about -2.5 dB for 5 RS (see Figure 2).  Note SIB1 is the only case where all RS in the previous (always unicast) subframe can be used for channel estimation.
Table 2 – Number of DCI Format 1C Bits saved with smaller Maximum VRB allocation
	System BW
	Max VRB Allocation *
	#bits for RIV field
	#bits saved

	6 – 22
	MIN(15, a)  a=
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	3-5 bits (step size=2)
	0 - 2 bits

	23 – 33
	MIN(21, a)
	6 bits (step size=2)
	1 bit

	34 – 49
	MIN(31, a)
	7 bits (step size=2)
	1 bit

	50 – 63
	MIN(43, a)
	6 bits (step size=4)
	1 bit

	64 – 76
	MIN(63, a)
	7 bits (step size=4)
	1 bit

	77 – 110
	MIN(89, a)
	8 bits (step size=4)
	1 bit


* {6, 14, 21, 43, 63, 89} max VRB vs. normal {6, 14, 24, 46, 64, 96} max VRB for {1.4, 3, 5, 10, 15, 20} MHz
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Figure 1 – PDCCH DCI Format 1C, 1Tx-2Rx, ETU 3km/h, 8CCE, 10MHz
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Figure 2 – PDCCH DCI Format 1C, 1Tx-2Rx, ETU 3km/h, 4CCE, 1.4MHz
3. Area Coverage Reliability SINR Targets for Case 3 Deployment Scenario
Downlink Area Coverage Reliability (ACR) varies with total PA power and number of subcarriers per symbol as well as transmission loss to cell edge and cell edge Io/No (interference to thermal noise ratio).

The {98%, 97%, 95%}-ile ACR SINR for 5 MHz BW Case 3 DS is {-8.3, -6.8, -4.7} dB for the data region and on average 1dB less for the control region (see Table 3) due to interference randomization and minimum power allocation based on wideband CQI feedback.  Scheduling diversity also allows some reduction in PDCCH power allocation for DCI Formats 1, 1A, 1B, 2, 2A.  The {98%, 97%, 95%}-ile ACR SINR for 1.4MHz and Case 3 DS is {-6.5, -5.0, -2.9} dB for both data and control regions since there is little interference randomization benefit with only 72 subcarriers.  For the same 20 Watt PA the Io/No ratio increases by 300/72 for 1.4MHz compared to 5 MHz. (same relative increase from 10 MHz given a 40 Watt PA).  This means thermal noise is effectively reduced relative to interference and signal resulting in improved (higher) ACR SINR as shown in Table 4.
Table 3 – ACR Link Budget for 5/10MHz BW for 20W/40W total power – Case 3 DS
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Table 4 – ACR Link Budget for 1.4 MHz BW for 20W total power – Case 3 DS
[image: image11.png]1.4MHz

<] Data ct
PropLoss 1281 1281 | 1281 | 1281 |iB
Ant+Cable -14 -14 14 414 |dB
LNmargin 2.1 106 85 65 |dB
Ploss il il il x|
TransLoss 1462 1447 | 1426 | 1426 |dB
No 1232 4232 | 1232 | 1232 |dBm
To/No 72 72 72 72 |dB
(lo+No) 1153 4153 | 1153 | 1153 |dBm
RxPwr 1218 4203 | 1182 | 1182 |dBm
SNR 55 50 29 29 B





4. SIB1 and SI-x with implicit RV indicator
Figure 3 shows how SIB1 redundancy versions would be implicitly assigned to even SFN#.  For subframe 5 on even SFN it can be assumed that the PCFICH will always indicate a 4 OFDM symbol control region.  . The four transmissions of SIB1 in a 80ms period can use the RV sequence 0,2,3,1 which is already used for the UL RV sequence see TS 36.321.
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Figure 3 – SIB1 Redundancy Version Implicit Assignment to subframe 5 for even SFN#.
Figure 4 shows typical 40ms SI-x window with 8 transmissions where for implicit indication the redundancy versions would be tied to system frame number and subframe #.
[image: image13.emf]SFN i SFN i+1 SFN i+2 SFN i+3

1 ms

40 ms

10 ms

SI-x transmission on subrame


Figure 4 – SI-x Redundancy Version Implicit Assignment to SFN and subframe number.

Alternatively, the ‘1C’ CRC can be scrambled by a mask based on the redundancy version, for example:

Table 5 – CRC Mask for Redundancy Version

	Redundancy Version
	mask
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	0
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0>

	1
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1>

	2
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,1,0>

	3
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,1, 1>


5. Conclusion
This contribution proposes the following for PDCCH with DCI Format 1C:

1) Implicit signaling of RV for SIB1 & SI-x, x=2,…,8 in order to reduce ‘1C’ payload size by 2-bits

a. Tie to SFN# and subframe #  -- or -- 
b. Scramble CRC with 2-bit mask

2) Small reduction in maximum VRB allocation (
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3) For 1.4 MHz start minimum VRB size at 4 (instead of 2) to save 1-bit.

If per SI-x 2-bit MCS/TBS indicator not permitted (by RAN2) on SIB1 then:
4) Scramble SI-x CRC with 2-bit reference TBS indicator  (assumes RV tied to SFN/subframe#)

Note appropriate 36.212 and 36.213 CR text is included in separate attachments regarding 1) + 2) above.
Given the above then the DCI Format 1C payload size is ~ 15-bits smaller than ‘1A’ and is given by
1C: {21, 24, 25, 26, 27, 28} bits   vs.   1A: {36, 38, 40, 42, 43, 44} bits
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