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1. Introduction

In RAN1#53 meeting, design options for PDCCH DCI format 1C were discussed [1]-[4]. In this paper, we observe the relationship between payload size and required number of RB pairs for the messages related to DCI format 1C and suggest a design of DCI format 1C.
2. Payload sizes and required number of RB-pairs
2.1. PCH message and RACH response message
Table 1 quotes potential payload sizes for PCH message and RACH response message from [2]. As shown in the table, the payload sizes between paging message and RACH response message are quite similar except that there can be 8 bits RACH response message which contains load control parameter only. In the remaining part of this paper, payload sizes for RACH response message are considered as a reference for both paging message and RACH response message.
Table 1  Payload size of PCH and RACH response message
	Number of UE paged at the same time
	Size of PCH message 

(byte aligned, w/o TB CRC)
	Size of RACH response 

(byte aligned, w/o TB CRC)

	0
	
	8 (only load control parameter sent)

	1
	64
	56/64 (w/o or w load control parameter)

	2
	120
	112/120

	3
	168
	168/176

	4
	224
	224/232

	5
	272
	280/288

	6
	328
	336/344

	7
	384
	392/400

	8
	432
	448/456


Table 2(a) to 2(c) below show the required number of RB-pairs to meet 1% BLER in case of 1Tx ( 2Rx antenna configuration which is the baseline configuration for E-UTRA UEs. 3 dB RS power boosting is configured in case of “w RS-boosting” in the table. Detailed simulation assumptions are shown in the annex. It should be noted that the results in table 2(a) to 2(c) are rough analyses since the granularity of the number of coded bits is 276 bits (276 bits per RB-pair) and the actual payload sizes (with TB CRC bits added) should fit the QPP interleaver sizes. 

Table 2(a)  Required number of RB-pairs: 5 MHz BW
	payload size
	1% BLER at -6 dB
	1% BLER at -8 dB

	
	w RS-boosting
	w/o RS-boosting
	w RS-boosting
	w/o RS-boosting

	8
	5
	4
	8
	6

	64
	10
	8
	21
	14

	232
	N/A
	20
	N/A
	N/A

	344
	N/A
	N/A
	N/A
	N/A

	456
	N/A
	N/A
	N/A
	N/A


Table 2(b)  Required number of RB-pairs: 10 MHz BW
	payload size
	1% BLER at -6 dB
	1% BLER at -8 dB

	
	w RS-boosting
	w/o RS-boosting
	w RS-boosting
	w/o RS-boosting

	8
	5
	4
	8
	7

	64
	10
	8
	19
	13

	232
	24
	19
	44
	32

	344
	32
	25
	N/A
	N/A

	456
	41
	32
	N/A
	N/A


Table 2(c)  Required number of RB-pairs: 20 MHz BW
	payload size
	1% BLER at -6 dB
	1% BLER at -8 dB

	
	w RS-boosting
	w/o RS-boosting
	w RS-boosting
	w/o RS-boosting

	8
	4
	4
	8
	6

	64
	9
	7
	17
	13

	232
	22
	18
	41
	30

	344
	30
	24
	54
	41

	456
	37
	30
	66
	51


Table 3 below shows the minimum and maximum required number of RB-pairs for each system bandwidth based on Table 2(a) to 2(c). It also shows the supportable maximum number of UEs in one PCH message (or RACH response message). As shown in table 3, 4 RB-pairs is enough for the minimum value for all the system bandwidths when TBS=8 is considered. Anyhow, TBS=8 may not need to be supported if fitting to QPP interleaver size is considered. Then 7~8 RB-pairs can be minimum required number of RB-pairs. Supportable maximum number of UEs in one message is restricted to 4 for 5MHz BW and 8 for larger bandwidths when we set the number as powers of 2.
Table 3  Min/max RB-pairs and max. UEs in one message
	BW
	min. RB-pairs
	max. RB-pairs
	max. UEs paged at a same time

	5 MHz
	4/8 (w or w/o TBS=8)
	21
	4

	10 MHz
	4/8 (w or w/o TBS=8)
	44
	8

	20 MHz
	4/7 (w or w/o TBS=8)
	66
	8


2.2. BCCH message
Maximum payload size of SI-1 is still unclear in RAN2 even though “around 350 bits” was mentioned in [5]. Maximum payload size of SI-x (x>1) was informed as around 1200 bits in [6]. To support 1200 bits payload size, it is a simple way to enable all the RB-pairs in the system bandwidth to be allocated to BCCH message transmission even though repetition of BCCH message in time domain is possible.
3. RB allocation method

Basically, RB allocation method for the broadcast messages should guarantee the diversity in the frequency domain. Two alternatives can be considered for the RB allocation method for the broadcast messages as follows. 
Alt.1  DVRB allocation
· DVRB allocation with the same RIV formula in the current specification can be reused

· DVRB allocation can be multiplexed naturally with other DVRB-allocated traffics

·  Semi-persistent scheduling of small number of RBs such as VoIP traffic benefits from DVRB allocation

· Frequency selective scheduling by LVRB can be done avoiding PRBs occupied by DVRB in each subframe
Alt.2  LVRB allocation
· Consecutive LVRB allocation as in DCI format 1A cannot achieve frequency diversity

·  New LVRB allocation method such as in [3] should be introduced to guarantee both reduced number of assignment bits and frequency diversity.

· LVRB allocation can be multiplexed naturally with other LVRB-allocated traffics

· It is difficult to schedule DVRB traffics avoiding PRBs occupied by LVRB allocation

Considering the aspects above, we suggest putting first priority to the DVRB allocation, while “additional” LVRB allocation may be considered depending on the further discussion.

To reduce the required number of DVRB assignment bits, DVRB allocation can be done by a multiple-RB step,
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 in the current RIV formula are increased by 2-RB step. With this approach, the existing RIV formula can be reused while reducing the number of DVRB assignment bits at the same time. Table 4 below shows the required number of assignment bits with various RB step sizes. As shown in the table, 2~6 bits are saved when compared with the case of 1-RB step. It can be also seen that putting maximum allocable number of VRBs doesn’t reduce the number of assignment bits when compared with the case of allowing whole number of DVRBs in a system band to be allocated. Therefore, restriction to the maximum number of allocable VRBs depending on the message type doesn’t need to be considered.
It should be noted that with 
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, maximum 4 PRBs may be prevented from the LVRB usage due to DVRB holes (which can be still allocated to the other DVRB traffics) as shown in the examples of figure 1(a). With 
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, no PRB will be prevented from the LVRB usage due to DVRB holes as shown in figure 1(b).
Table 4  Required number of DVRB assignment bits
	system BW
	max. RB-pairs
	number of assignment bits to support max. RB-pairs
	# of DVRBs
	number of assignment bits to support 

# of DVRBs

	
	
	RBstep=1
	RBstep=2
	RBstep=4
	RBstep=8
	
	RBstep=1
	RBstep=2
	RBstep=4
	RBstep=8

	5 MHz
	21
	9
	7
	5
	3
	24
	9
	7
	5
	3

	10 MHz
	44
	11
	9
	7
	4
	46
	11
	9
	7
	4

	20 MHz
	66
	13
	11
	9
	7
	96
	13
	11
	9
	7
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Figure 1(a) Example of DVRB allocation with RBstep=4
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Figure 1(b) Example of DVRB allocation with RBstep=4

From the observations above, we suggest to reuse existing DVRB allocation with a multiple-RB step. For RACH response message and PCH message, to keep the RB assignment bits equal or less than 10 bits, 
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 for system BWs ( 10 MHz. For BCCH message, larger 
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 may be used to make room for RV bits in the DCI format 1C.
Existing RIV formula is as follows.
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Then, the following can be added to reuse the formula for DCI format 1C.

For DCI format 1C, 
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4. Overall DCI format 1C design

Table 5 shows an example of suggested DCI format 1C design for each message type.

	message type
	DCI field
	bits
	total bits

	RACH response
	DVRB allocation
	3~10 (including 1 bit gap field for BW ( 10MHz)
	20~29 (depending on the system BWs)

	
	TBS
	1~3 (depending on the system BWs)
	

	
	CRC
	16
	

	PCH
	DVRB allocation
	3~10 (including 1 bit gap field for BW ( 10MHz)
	20~29 (depending on the system BWs)

	
	TBS
	1~3 (depending on the system BWs)
	

	
	CRC
	16
	

	BCCH
	DVRB allocation
	3~8 (including 1 bit gap field for BW ( 10MHz and using RBstart=8 for large BWs)
	22~27+? (depending on the system BWs)

	
	TBS
	1~?
	

	
	RV
	2
	

	
	CRC
	16
	


5. Conclusion
We suggest the following points for the DCI format 1C design.
· Maximum number of UEs which can be included in one RACH response or PCH message is set depending on the system BW. For 5 MHz BW, 4 UEs can be included. For 20 MHz BW, 8 UEs can be included. As a result, number of bits for TBS signalling depends on the system BW.
· DVRB allocation with multiple-RB step is used to reuse the existing DVRB allocation scheme with reduced number of assignment bits, where all the DVRB in a system BW can be addressed.

·  2-RB step is used for system BW < 10MHz. 4-RB step is used for system BW ( 10.
·  Larger RB step may be used for BCCH to make the room for RV bits in DCI format 1C.
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Annex: simulation parameters

	Parameters
	Value

	System carrier frequency
	2 GHz

	Bandwidth
	5, 10, 20MHz

	Modulation
	QPSK

	Channel coding
	Turbo code

	Channel model
	ETU

	UE speed
	3km/h

	Channel estimation
	Real, DFT-based

	Receiver
	MRC

	Number of antennas
	1 Tx, 2 Rx

	CP length
	normal CP

	Number of control OFDM symbols
	2
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