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1. Introduction

A subcompact grant size was agreed to in Shenzhen for scheduling PCH, RACH response, and BCCH messages and is called PDCCH of type DCI Format 1C.  This was addressed further in the contributions submitted to Kansas City [4-8]. The proposed size ranges from 24 bits including the 16-bit CRC for 1.4MHz to 33 bits for 20MHz.  This is 11-bits smaller than DCI Format 0/1A.

In this paper the MCS and resource allocation (RA) fields are defined and sized.  The MCS index is chosen to be a relative index. The RA field size is a function of system bandwidth and uses the Type 2 allocation RIV equations but with the LCRBs and RBSTART or system bandwidth (
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) inputs modified to reduce the size of required RA bits needed.  Also discussed is a BCCH (SI-x) coverage issue (see ANNEX B) and [R1-082558] for more details.
2. DCI Format 1C Field Sizes
Table 1 lists the fields and their sizes for the subcompact grant (PDCCH of type DCI Format 1C) for scheduling PCH, RACH response and BCCH messages. Resource allocation (RA) map field size is given by {2, 5, 7, 10, 11} bits for the {1.4, 3, 5, 10, 15, 20} MHz BW modes.  The type 2 RIV resource allocation approach is used and is detailed further in section 6.  The MCS relative index indicates the TBS index relative to a reference TBS in column 2 of the TBS table. Only QPSK modulation is defined for the TBS in column 2 when indicated by Format 1C for PDSCH broadcast control transmissions.  The reference TBS is implicitly pointed to by the detected x-RNTI for the PDCCH detected for a Paging (P-RNTI) or RACH response message (RA-RNTI).  For BCCH the reference TBS is implicitly pointed to by the total size of the SIBs assigned to each SI-x window (as indicated via SI-1 on subframe 5).  For BCCH a 2-bit RSN is required to indicate the redundancy version of a SI-x transmission.  This field is not used in the corresponding DCI Format 1C PDCCH for Paging or RACH response message.  Table 3 and 4 indicate the DCI format 0/1A grant sizes {36,38,40,42,43,44} and 1C grant sizes {24,27,29,30,31,32} bits respectively for each bandwidth mode {1.4,3,5,10,15,20} MHz which are all at least 11-bits smaller than those used for Format 0/1A.
Table 1 – PDCCH DCI Format 1C Fields and Field Sizes
	PDCCH Field
	(bits)

	RA Map (LVRB or DVRB)
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	MCS relative index

(relative to reference TBS in column 2 of TBS table)

Paging and RACH response

SI-x via BCCH


	3

Detected x-RNTI implicitly points to reference TBS in column 2

Size of SIBs in SI-x window implicitly point to reference TBS (col2)


	RSN (for BCCH only)
	2 

	DL Distributed/Localized
	[0-1]

	CRC (masked with x-RNTI)
	16


Table 2 – PDCCH DCI Format 0/1A - FDD

	PDCCH Field
	(bits)

	Format (0 or 1A)
	1

	RA Map
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	TPC
	2

	MCS index
	5

	UL Cyclic Shift Indicator
DL HARQ Process ID
	3

	UL CQI/PMI report trigger (1-bit)

A/N on PUSCH indicator (1-bit)

DL RV (2-bits)
	2

	NDI
	1

	UL Frequency Hopping (FH)
DL Distributed/Localized
	1

	CRC (masked with UEID)
	16


Table 3 below indicates the total DCI=0 and CSA (DCI=1A) size for a set of bandwidth modes.

Table 3 – Possible FDD PDCCH DCI Format 0/1A sizes for given BW modes
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1.4

6
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1
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16
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16
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1
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Table 4 below indicates the total DCI=1C size for a set of bandwidth modes. Format 1C is always 11-bits smaller than Format 0/1A.

Table 4 – Possible PDCCH DCI Format 1C sizes for given BW modes
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Column 2 of the TBS table (below) taken from 36.213-830 is used for determining the TBS for the PDSCH broadcast control transmissions.  The entries highlighted in green are the 8 TBS that can be chosen based on a reference TBS of 296 bits and a 3-bit MCS relative index.  The 8 TBS correspond to the range of TBS expected for Paging and RACH response messages as shown in later sections. For the BCCH the SIB(s) used for a particular SI-x might be, e.g., at most 600 bits and range down to 300 bits depending on which SIB fields are actually configured for transmission.  Hence, the reference TBS for the SI-x in this case would be entry 15 in column 2 of the TBS table below.
Table 7.1.7.2.1-1: Transport block size table (dimension 27×110) [36.213-830]
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	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0
	16
	32
	56
	88
	120
	152
	176
	200
	232
	248

	1
	24
	48
	88
	120
	160
	200
	232
	272
	304
	344

	2
	32
	72
	120
	160
	200
	248
	296
	336
	376
	424

	3
	40
	104
	152
	208
	272
	320
	392
	440
	504
	568

	4
	48
	120
	200
	264
	320
	408
	488
	552
	632
	696

	5
	72
	152
	232
	320
	424
	504
	600
	680
	776
	872

	6
	320
	176
	288
	392
	504
	600
	712
	808
	936
	1032

	7
	104
	232
	320
	472
	584
	712
	840
	968
	1096
	1224

	8
	120
	248
	392
	536
	680
	808
	968
	1096
	1256
	1384

	9
	136
	296
	456
	616
	776
	936
	1096
	1256
	1416
	1544

	10
	152
	320
	504
	680
	872
	1032
	1224
	1384
	1544
	1736

	11
	176
	376
	584
	776
	1000
	1192
	1384
	1608
	1800
	2024

	12
	208
	440
	680
	904
	1128
	1352
	1608
	1800
	2024
	2280

	13
	232
	488
	744
	1000
	1256
	1544
	1800
	2024
	2280
	2536

	14
	264
	552
	840
	1128
	1416
	1736
	1992
	2280
	2600
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2152
	2472
	2728
	3112

	16
	320
	632
	968
	1288
	1608
	1928
	2280
	2600
	2984
	3240

	17
	336
	696
	1064
	1416
	1800
	2152
	2536
	2856
	3240
	3624

	18
	376
	776
	1160
	1544
	1992
	2344
	2792
	3112
	3624
	4008

	19
	408
	840
	1288
	1736
	2152
	2600
	2984
	3496
	3880
	4264

	20
	440
	904
	1384
	1864
	2344
	2792
	3240
	3752
	4136
	4584

	21
	488
	1000
	1480
	1992
	2472
	2984
	3496
	4008
	4584
	4968

	22
	520
	1064
	1608
	2152
	2664
	3240
	3752
	4264
	4776
	5352

	23
	552
	1128
	1736
	2280
	2856
	3496
	4008
	4584
	5160
	5736

	24
	584
	1192
	1800
	2408
	2984
	3624
	4264
	4968
	5544
	5992

	25
	616
	1256
	1864
	2536
	3112
	3752
	4392
	5160
	5736
	6200

	26
	648
	1320
	1992
	2664
	3368
	4008
	4584
	5352
	5992
	6712


3. RACH Response Message
From the tables below it can be seen that the number of physical RBs (PRBs) needed for each approximate coding rate and TBS for a given m (#RACH response messages in RACH response transmission) is the same for 3, 5, 10, 15, and 20 MHz and hence independent of system bandwidth for bandwidths >= 3MHz where otherwise the 1.4MHz table is used.  For the 1.4MHz bandwidth mode the number of PRBs is 4 or 6 for the different coding rates given m=1 and TBS=83 bits (5 PRBs is not supported).  Appendix A shows how RACH message size scales with m and system bandwidth. 
Table 5 – RACH Message tables indicating #PRBs required per System BW, TBS, & Coding Rates
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m TBS ~1/12 ~1/14 ~1/18 m TBS ~1/12 ~1/18 ~1/24 m TBS ~1/12 ~1/18 ~1/24

1 83 4 (5) 6 1 85 4 6 8 1 87 4 6 8

2 146 8 12 2 150 8 12 16

3 207 12 3 213 12 16 22

4 268 14 4 276 14 22

#Msgs #Msgs #Msgs

m TBS ~1/12 ~1/18 ~1/24 m TBS ~1/12 ~1/18 ~1/24 m TBS ~1/12 ~1/18 ~1/24

1 89 4 6 8 1 90 4 6 8 1 91 4 6 8

2 154 8 12 16 2 156 8 12 16 2 158 8 12 16

3 219 12 18 22 3 222 12 16 22 3 225 12 16 22

4 284 14 22 28 4 288 14 22 28 4 292 14 22 28

Effective Coding Rate

Effective Coding Rate Effective Coding Rate

RACH Message for different m: 5MHz

RACH Message for different m: 20MHz

Effective Coding Rate

Effective Coding Rate

Effective Coding Rate

RACH Message for different m: 15MHz

RACH Message for different m: 1.4MHz

RACH Message for different m: 10MHz

RACH Message for different m: 3MHz


4. PCH Message
The PCH Message table below for the P-TMSI case gives the number of PRBs needed per coding rate and per TBS={64,96,136,168} for m=1, 2, 3, 4 respectively. A table for the IMEI/IMSI case also gives the number of PRBs needed per coding rate and per TBS= {88,152,216,280} for m=1, 2, 3, 4 respectively.  .
Table 6 – PCH Message tables with #PRBs for different TBS (m), Coding Rates, and Paging type
[image: image9.emf]#Msgs #Msgs

m TBS ~1/13 ~1/18 ~1/24 m TBS ~1/12 ~1/18 ~1/24

1 64 4 6 8 1 88 4 6 8

2 96 6 8 10 2 152 8 12 16

3 136 8 10 14 3 216 12 18 22

4 168 10 12 18 4 280 14 22 28

IMEI/IMSI Paging Message for different m

Effective Coding Rate Effective Coding Rate

P-TMSI Paging Message for different m


5. BCCH Message
The BCCH Message table below indicates the number of PRBs needed for each coding rate and TBS(SI-x, m)={300,500,500,606,3105,548,88,1081,800} for x=1,2,…,8 and m=1 or 2 where m>1 is used only for TDD when SI-1 is multiplexed with SI-x (x>1). Note that RAN2 has not finalized the TBS for each SI-x. Since a UE knows when each SI-x (x>1) window occurs and that SI-1 or SI-1+SI-x (x>1) occurs only on subframe 5 and it reads from SI-1 the total size of the SIBs used in other SI-x (x>1) then it can determine the reference TBS in column 2 of the TBS table with this information.
Table 7 – BCCH Message tables with #PRBs per TBS (SI-x, m), Coding Rates, and #Tx
[image: image10.emf]#SI-x TBS #Tx #SI-x TBS #Tx

x,m (bits) ~1/12 ~1/18 ~1/24 x,m (bits) ~1/12 ~1/18 ~1/24

1,1 300 4 6 8 4 6,1 548 4 6 8 7

2,1 500 4 6 8 7 7,1 88 4 4 6 2

3,1 500 4 6 8 7 8,1 1081 4 6 8 14

4,1 606 4 6 8 8 1+2,2 800 4 6 8 10

5,1 3105 4 6 8 40 5,1 3105 10 16 20 16

#PRBs required for BCCH Message sizes, CRs, & #Tx

#PRBs per effective CR

#PRBs required for BCCH Message sizes, CRs, & #Tx

#PRBs per effective CR


6. Scheduling procedure (Implementation) and Type 2 Resource Allocation approaches
It is necessary to have the capability to schedule any or all of the PCH, RACH response, and BCCH messages in the same subframe.  The following procedure describes what must be taken into account to accomplish this.

· Scheduler determines if PCH, RACH response, and/or BCCH to be transmitted in given subframe
· Scheduler determines m and priority of message types for given subframe. 

· Likely BCCH retransmissions have highest priority. HARQ is asynchronous with no A/N.
· TBS and CR needed for cell edge path loss determines #PRBs from Tables 5, 6, and 7.
· Given system BW and SPS UEs, scheduler decides which of PCH, RACH, and/or BCCH can be transmitted in same subframe for respective m's
· (Note that PCH, RACH, and BCCH can all be supported in same subframe for some system bandwidths especially for m=1 and x=1)
· Priority of scheduling PCH, RACH response, and/or BCCH in a subframe is up to scheduler conditioned on occurrence of PRACH transmissions and the minimum allowed Paging and BCCH delay (e.g. SI-x window wrt BCCH).
· Scheduler can choose m, which PCH, RACH response, or BCCH messages to send, PCFICH, 
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 to ‘fit’ PDSCH broadcast control transmissions in a subframe. It may also rearrange other best effort transmissions and even semi-static transmissions at the expense of sending a PDCCH.
Type 2 Localized and Distributed Resource Allocation size reduction
It is desirable to use the existing Type 2 RIV equations while at the same time minimize the number of resource allocation (RA) field bit size.  It is possible to be compatible with both localized and distributed VRB type 2 allocations described in 36.213.  In the case of LVRB both 
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and LCRB are scaled by ~ ½ and use RIV equation (1) while for DVRB both 
[image: image14.wmf]START

RB

and LCRB stepped by 2 or 4 depending on the bandwidth and used in RIV equation (1) and (2).

The RIV equation for 
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Type 2 DVRB Resource Allocation with stepping

With stepping the RIV equation parameters 
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 and LCRB are stepped through the possible values for a given bandwidth mode (1.4, 3, 5, 10, 15, 20) MHz by a step size of 2 or 4 instead of the normal 1.

For step size of 2 then
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The number of bits (
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) needed for resource allocation field in this case is given by 
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where 
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The number of RIV bits needed for step size of 2 is then given by 
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={2,5,7,9,10,11} for BW{6,15,25,50,75,100} RBs  .  But there is an additional gap size bit needed for BW>=50 RBs. To keep the RA allocation size (
[image: image24.wmf]RIVs
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) the same for DVRB and LVRB then a step size of 4 is used for BW>=50RBs.  Therefore, including the gap size bit the RIV_field_size = 
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 = {2, 5, 7, 8, 9, 10} bits.
Type 2 LVRB Resource Allocation with mirroring
With mirroring the localized RB allocation on one half of the system bandwidth is mirrored on the other half.  Further reduction is possible by further limiting LCRB. Figure 1 shows examples of the resource allocation with mirroring, where the vertical axis are the PRBs in the system bandwidth (per system bandwidth), and the horizontal axis shows the possible starting offsets (per LCRB value). For example, the bottom right figure shows, for LCRB = 2 (i.e., two RB-pairs each top and bottom) the 11 possible locations within a 5 MHz (25 total RB) system.
Table 8 – Type 2 Resource Allocation field with mirroring and DCI Format 1C Payload Size

	System BW  (
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	RA field    size
	DCI Format 1C size

	(#RBs)
	(#RBs)
	(#bits)
	(#bits)

	6
	3
	2
	24

	15
	7
	5
	27

	25
	12
	7
	29

	50
	25
	9
	31

	75
	37
	10
	32

	100
	50
	11
	33
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Figure 1 – Type 2 Resource Allocation + Mirroring for supported LCRB and system BWs
The following resource allocation approaches are proposed:

1) LVRB mirrored approach only (does not have hole problem – i.e. unassigned PRBs)
2) DVRB stepped approach only (holes -- unassigned 0.5ms PRBs -- can be avoided by setting 
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 and 
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 equal to multiples of 4)*.
3) Bit in Format 1C selects either LVRB mirrored or DVRB stepped approach

4) LVRB mirrored or DVRB stepped approach is semi-statically indicated (e.g. SI-1)

Option 1 is preferred where only the LVRB mirrored approach is available.  A scheduler will have to ensure resource blocks are available for PDSCH broadcast control transmissions when scheduling best effort traffic and semi-persistent users.  With slightly more complexity both LVRB mirrored and DVRB stepped approach could be supported to give the scheduler more flexibility.  Some companies may prefer to only have the DVRB allocation approach although with the DVRB approach they must contend with the “hole” issue.
*Note that [6] also describes a possible DVRB approach.  

Conclusions

This contribution proposed the field definitions for PDCCH with DCI Format 1C resulting in a payload size no larger than {24, 27, 29, 31, 32, 33} bits for system BWs {1.4, 3, 5, 10, 15, 20} MHz if the Type 2 resource allocation approach (LVRB with mirroring or DVRB with stepping) is used.  LVRB with mirroring is preferred given it avoids the hole problem. A procedure and related message tables (Tables 5, 6, 7) are given to allow scheduling of any or all of the PCH, RACH response, and BCCH messages in a given subframe using the DCI Format 1C.   It may be possible to further reduce the Format 1C payload size by 2-bits by eliminating the RSN field if each SI-x window is subdivided into K sub-windows where K is #Tx per SI-x and each sub-window corresponds to one of the four RVs. 

Given the desire to restrict the number of retransmissions to 8 we suggest that the maximum SI-x TBS for Release-8 to be restricted to less than 600 bits for smaller BW modes like 1.4MHz and 1200 bits for the larger BW modes. Segmentation of the SIBs used to reduce the TBS for a given SI-x is one possibility to meet these TBS restrictions.
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ANNEX A

PCH/RACH/BCCH Message Sizes
PCH Message Size

The PCH that PICH points to is composed of paging messages for m UEs in a paging group. For a given user, there are two possible Paging Message Sizes (PMS):
i). PMS = 36-bits = 32bits (P-TMSI) + 4-bits (Paging Cause)

ii). PMS = 64-bits = 60bits (IMEI/IMSI) + 4-bits (Paging Cause)
The entire paging message size is therefore PMS(m bits. As with other PDSCH, 24 CRC bits will be attached to provide error detection of the PMS(m bits before FEC encoding. The FEC information block size is then 

PCH Payload Size = KFEC = PMS(m + 24 (CRC bits)
where PMS for P-TMSI = 36-bits and PMS for IMEI/IMSI = 64-bits.
Group ID (GID) of the paged group (P-RNTI). The group ID is not explicitly transmitted. Rather, the 16-bit GID is used to mask the CRC bits. UEs in the LTE_IDLE state search only for control channels with this ID and format.

RACH Message Size

The second part of AICH is the AICH message (or RACH message) transmitted on the PDSCH. The eNodeB can respond to several UEs (denoted as m as well without confusion) using the AICH of one TTI. Thus the AICH message part may carry response to RACH preamble of several UEs if they happen to attempt random access at the same time. The AICH message for one UE is composed of:

· 6 bits to echo the RACH preamble are needed since there are 64 possible RACH preamble signatures. The 6 bits combination would echo the index of the preamble that the UE used.

· A 16-bit UEID the eNodeB assigns to the UE, e.g., C-RNTI;

· UL scheduling grant for the UE. This varies as a function of carrier bandwidth and duplexing mode (TDD or FDD). 
Thus, the total AICH message size is AMS=56-64 bits for one UE (e.g., 60 bits for carrier bandwidth of 5 MHz). The entire AICH message size is thus AMS(m bits. As with other PDSCH, 24-bit CRC are then attached before FEC encoding. The FEC information block size is then:

RACH Payload Size = KFEC = AMS(m + 24 (CRC bits)
where AMS = 22 + (DCI Format 0 Grant Size)

where DCI Format 0 size is {36,38,40,42,43,44} for FDD and {37,39,41,43,44,45} for TDD corresponding to {1.4, 3, 5, 10, 15, 20} MHz system bandwidth modes.  Note that the TDD size was used to create Table 2.

Group ID (GID) for Random access group called RA-RNTI. The group ID is not explicitly transmitted. Rather, the 16-bit GID is used to mask the CRC bits.  Only UEs that have an ongoing RACH attempt would try to detect the AICH.
ANNEX B
Achievable SNR for effective Coding Rate
Table B-1 – Modified Shannon Bound
[image: image31.emf]SNR
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1/18 -6.7

1/24 -8.0
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In Table B-1 SNR is determined from modified Shannon Bound with backoff factor of 0.75 and 3.0 dB added for implementation/channel estimation margin (at edge of cell).

 SNR(dB) = 10*LOG10(2^((2*CR)/0.75)-1)+3.0

Link level results given in Table B-2 show effective coding rate needed to work at -4, -6, or -8 dB SINR for distributed allocation of 1000bits in a 5MHz bandwidth using 2x2 SFBC and 6 PRBs.
Table B-2 – Link Level Results: Approximate coding rate and #Transmissions for <1% BLER       D-BCH, N=1000 bits, 2Tx-2Rx (SFBC), 6PRBs.
	SINR
	0dB pilot boosting
	3dB pilot boosting

	-4 dB
	1/9 (5tx)
	1/7 (4tx)

	-6 dB
	1/16 (9tx)
	1/12 (7tx)

	-8 dB
	1/28 (16tx)
	1/21 (12tx)


Based on the link results and understanding that for 1.4MHz there is a 1dB loss due to reduction in frequency diversity and also a 1dB loss if 1x2 is used instead of 2x2 then the required effective coding rates are given in Table B-3 below. Note non-ideal channel estimation was used..

Table B-3 – Effective coding rate required for 1.4 and 5MHz w/wo pilot boosting

[image: image32.emf]2dB Loss

5MHz 1.4MHz

2x2 eff. CR eff. CR 3dB 0dB 1X2 eff. CR eff. CR 3dB 0dB

1/8 1/12 -4.7 -4.8 1/14 1/18 -4.7 -4.7

1/12 1/16 -6.0 -6.0 1/19 1/24 -6.0 -6.0

1/14 1/18 -6.7 -6.7 1/34 1/44 -8.0 -8.0

1/21 1/28 -8.0 -8.0

5MHz

1x2 eff. CR eff. CR 3dB 0dB

1/11 1/15 -4.8 -4.8

1/17 1/24 -6.6 -6.6

1/27 1/35 -8.0 -8.0

(6 RBs)

(6 RBs, Dist. 
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