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1. Introduction

Having more than one payload format for downlink L1/L2 control channels is advantageous since it allows improved coverage and reduced control channel resource element utilization and downlink power such as in the case of the paging indicator channel (PICH) or the acquisition indicator channel (AICH) or the dynamic BCH scheduling grant.  It is shown that the control channel resource needed is reduced by over 100% and the required power by 250% to support cell edge coverage. This contribution discusses an alternate control channel payload format for PICH, AICH, and D-BCH than a “normal” DL grant. 
We recommend:

· PICH, AICH, and D-BCH grant are sent in the DL L1/L2 control region (n<=3) on 1 or more control channel elements (CCEs). 
· Blind decoding similar to the UL grant or DL grant. 
· The PICH, AICH, D-BCH grant each point to a number of (distributed) data channel RBs for the PCH, AICH message, and D-BCH payload respectively. 
· A single format is used for PICH, AICH, & D-BCH grant with context distinguishing the message. 
· PICH when in LTE_IDLE state, AICH after RACH preamble sent, D-BCH sent in UE LTE_ACTIVE state or LTE_IDLE state but UE knows which subframes have D-BCH.
· P-BCH points to D-BCH with SU-1.  D-BCH with SU-1 in turn has info on remaining (non-SU-1 information) D-BCH schedule.  
· The PICH, AICH, & D-BCH grant contain the location and format of the message to decode 
· Constrained set of possibilities à far fewer bits are required than a “normal” DL grant 
· The PICH, AICH, & D-BCH scheduling grant format is called a “compact grant” 
· More efficient than reusing UL or DL scheduling grant format, which was designed for packets with many more info bits 
Additionally:

· Allowing transmission of m > 1 messages in the PCH or AICH message promotes efficiency 
· Already agreed for AICH message per 36.300 Stage 2 text
· A single “quick repeat” bit allows repetition of the PCH, AICH, or P-BCH message in SNR-challenged environments without having to resend the PICH or AICH or P-BCH grant 
2. Paging Indicator Channel (PICH)
The Paging Channel (PCH) is operated together with the Paging Indicator Channel (PICH). PICH provides the UEs with efficient sleep mode operation. The eNodeB uses the PICH to indicate to the UEs in the cell whether or not they have a paging message addressed to them on the PCH. Thus the UE does not need to always decode the PCH for an incoming paging message. 
Once a UE is registered to a network, it is allocated to one of a number of paging groups. The Paging Indicator Channel (PICH) sends the paging group ID when there are paging messages for any of the UEs belonging to that paging group. Once a UE detects a PICH indicating paging messages for its group, the UE proceeds to decode the paging message to see whether there is a paging message for it. (It is possible that the paging messages are not for the given user but for other users in its group.) The paging channel may contain paging messages for m users in a group.
The less often a UE needs to wake up from the sleep mode to listen to PICH, the longer the battery life of the UE. How often a UE needs to listen to PICH would be carefully selected as a function of m and the traffic load of the network. If m is high or the traffic load is low, then the paging indicators can appear less frequently, leading to power savings. On the other hand, a large m means that a large number of RBs in a subframe need to be allocated to PCH instead of data transmission. Thus the maximum value of m needs to be selected balancing the need of power savings and the need of transmission efficiency. 
For LTE, the PICH is a special type of L1/L2 control channel, located within the first n (n<=3) OFDM symbols. The PCH is sent on the PDSCH in the same subframe. The PICH contains three types of information from eNodeB to the UE.

· Where the corresponding PCH is and how to decode it. To avoid using excessive control channel resources given lack of CQI information, information on the makeup of the paging message is used such that the control channel format can be reduced to e.g. 7-bits composed of a resource allocation map (RA map) and payload field (e.g. 3 each), a single bit for supporting a quick repeat. 

· Instead of using the RA map defined for the DL scheduling grant, a simple RA map of 3 bits can be used indicating only how many 12-subcarrier RBs across the 1ms subframe are used. 
· The payload field indicates the size of the paging message, which is directly in proportion to m.

· The “quick repeat” bit may be used to indicate that this PCH is repeated in the next 1ms subframe to effectively double the received SNR at the UE. PICH in the next frame is not needed, reducing control channel overheads.
· CRC bits to provide error detection of the PICH.
· 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.
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 KFEC= PMS(m+24 (bits).
3. Acquisition Indicator Channel (AICH)

As a response to the RACH on the UL, the AICH is used to indicate from the eNodeB the reception of the RACH preamble signature sequence. Once the eNodeB has detected the RACH preamble with the random access attempt, the same signature sequence that has been used on the preamble will be echoed back on AICH. The UE decodes AICH to see whether the eNodeB has detected its preamble. If no AICH is detected, the UE retransmits the preamble, possibly with an increased power level, and a different preamble signature. The UE sends the message part of the RACH only after the AICH is detected.
The AICH is composed of two parts. The first part is a special type of L1/L2 control channel (AICH control), the second part contains the AICH message. 

The first part of AICH contains information very similar to that of PICH:
· Where the AICH message is and how to decode it. Similar to PICH, a priori information on the makeup of the AICH message is used such that the control channel format can be reduced to e.g. 7-bits composed of a resource allocation map (RA map) and payload field. 

· CRC bits to provide error detection of the AICH control.

· 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.

The second part of AICH is the AICH 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. 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 from 34 to 42 based on [1]. For example for 5 MHz, one UL scheduling grant size proposed is 38 bits.
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 KFEC= AMS(m+24 (bits).
4. Same format for PICH+PCH and AICH
From the discussion above, it has become clear that PICH+PCH is very similar to the AICH. PICH is analogous to the AICH control part; PCH is analogous to the AICH message part.
Further, PICH, PCH, and AICH share similar constraints. PICH, PCH, and AICH need to be heard by all UEs in the cell without HARQ, thus their design is limited by the cell edge users. The eNodeB has no reliable way to control the transmission power for them. 

· No channel quality information (CQI) available for the paged users. 
· The RACH preamble contains “Pathloss or CQI to allocate UL resource appropriately.” (36.300) This may be useful in a TDD deployment, but may not be appropriate for FDD where UL and the DL use different frequencies. 
Thus PICH, PCH, and AICH need to be sent at high power level without power control or HARQ. In terms of MCS selection, low channel coding rate is needed with the modulation being QPSK always. Additionally, as discussed above, PCH message size is very close to AICH message size (AMS=56-64 bits; PMS=64 bits based on IMEI/IMSI). Thus they would need similar amount of physical channel resources.
Given the similarities above, it is therefore proposed to use the same L1/L2 control format for PICH and AICH control. In the following the effective code rate and required resources of PCH message and AICH message is calculated to illustrate how the L1/L2 control may be defined for each.
4.1. Required Resources for Message Part
The PCH and AICH message can use predefined resource blocks as illustrated in Figure 1. These resource blocks are preferably distributed resource blocks, and may use the same distributed resource block assignment procedure available for DL data (e.g., DVRBs per R1-071352). Assuming RBs are assigned as a pair across the 1ms TTI, in Table 1-3, the effective FEC coding rate of PCH and AICH message part is shown for cell edge coverage as a function of m and number of 1ms resource blocks (RBs). 
· Table 1 is for P-TMSI based Paging Message, where the paging message size per UE is S= PMS=36 bits;

· Table 2 is for IMEI/IMSI based paging message, where the paging message size per UE is S= PMS=64 bits;

· Table 3 is for AICH message assuming carrier bandwidth of 5 MHz, where the message size per UE is S= AMS=60 bits.
Assuming L2 messages are byte aligned, the FEC information block size is then 
KFEC = ( S(m/8((8 + 24 
(bits),




(1)
where 24 CRC bits are attached to provide error detection. The number of channel bits that can be transmitted for an FEC info block (short CP subframe) is assumed to be 

Nc ~= nRB ( 12 (subcarriers) ( 12 (OFDM symbols) ( 2 (QPSK)   (bits), 

(2)
where nRB is the number of RB pairs (called “1ms RB” in Table 1-3) assigned. The effective FEC coding rate is equal to KFEC/Nc. For ease of reading, the effective coding rate is rounded to the closest fraction (i.e., nominator of effective coding rate is 1) in Table 1-3.

Table 3 of 5 MHz is used to illustrate the AICH message requirement. In general, UL scheduling grant varies with the carrier bandwidth, resulting in various AICH message sizes. In Table 4 the AICH message sizes are tabulated for the different bandwidths. 
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Figure 1 - Exemplary layout of paging message resource blocks.

Table 1 – P-TMSI based Paging Message and required resources for cell edge coverage.
	m
	KFEC (bits)
	Effective Coding Rate

	
	
	4 1ms RB
	6 1ms RB
	8 1ms RB
	101ms RB
	12 1ms RB
	14 1ms RB

	1
	64
	1/18
	1/27
	
	
	
	

	2
	96
	1/12
	1/18
	1/24
	
	
	

	3
	136
	
	1/13
	1/17
	1/21
	1/25
	

	4
	168
	
	
	1/14
	1/17
	1/21
	1/24


Table 2 – IMEI/IMSI based Paging Message and required resources for cell edge coverage.
	m
	KFEC (bits)
	Effective Coding Rate

	
	
	6 1ms RB
	8 1ms RB
	10 1ms RB
	12 1ms  RB
	14 1ms RB
	16 1ms RB
	18 1ms RB
	20 1ms RB

	1
	88
	1/20
	1/26
	
	
	
	
	
	

	2
	152
	
	1/15
	1/19
	1/23
	
	
	
	

	3
	216
	
	
	1/13
	1/16
	1/19
	1/21
	1/24
	

	4
	280
	
	
	
	1/12
	1/14
	1/16
	1/19
	1/21


Table 3 – AICH Message for 5MHz and required resources for cell edge coverage.
	m
	KFEC (bits)
	Effective Coding Rate

	
	
	6 1ms RB
	8 1ms RB
	10 1ms RB
	12 1ms  RB
	14 1ms RB
	16 1ms RB
	18 1ms RB
	20 1ms RB

	1
	88
	1/20
	1/26
	
	
	
	
	
	

	2
	144
	
	1/16
	1/20
	1/24
	
	
	
	

	3
	208
	
	
	
	1/17
	1/19
	1/22
	1/25
	

	4
	264
	
	
	
	
	
	1/17
	1/20
	1/22


Table 4 – AICH message sizes for different carrier bandwidths.

	m
	KFEC (bits)

	
	1.25 MHz
	2.5 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	1
	80
	88
	88
	88
	88
	88

	2
	136
	144
	144
	152
	152
	152

	3
	192
	200
	208
	216
	216
	216

	4
	248
	256
	264
	272
	280
	280


4.2. Definition of L1/L2 Control
Using the analysis above, one way to define the L1/L2 control format for PICH and AICH control part is shown. For PICH, the following scheme may be used based on Table 1 and 2.
· 3 bits to indicate 8 different KFEC of 64, 88, 96, 136, 152, 168, 216, 280 bits.

· 3 bits to indicate 8 possible 1ms RB: 6, 8, 10, 12, 14, 16, 18, 20.

· 1 bit to indicate “quick repeat”.

For AICH control part, the L1/L2 control format can be defined as follows based on Table 3 and 4.
· 4 bits to indicate 14 different KFEC of 80, 88, 136,1 44, 152, 192, 200, 208, 216, 248, 256, 264, 272, 280 bits (i.e., the unique KFEC values in Table 4).

· 3 bits to indicate 8 possible 1ms RB: 6, 8, 10, 12, 14, 16, 18, 20.

Thus the L1/L2 control size is 7 bits for both PICH and AICH control. Such a “compact grant” is much more efficient than using the same format as the DL scheduling grant. Using 5 MHz carrier bandwidth as an example, 46 bits are needed for DL scheduling grant. Assuming control channel element (CCE) size of 36, QPSK, and a target FEC coding rate of 1/9 (corresponding to about 98%-ile area coverage for Case 1), then the number of CCEs needed for PICH and AICH control is 

( (7+16)(9/(36(2)( = 3 
(CCEs). 




(3)

This is in contrast to 

( (30+16)(9/(36(2)( = 6 
(CCEs)

 


(4)

that a DL scheduling grant would require. Here the 16 CRC bits are counted as a part of the FEC information block. When rounded to byte, 24 bits (3 bytes) may be used instead of 7+16=23 bits, and still occupy 3 CCEs. Tables 5 and 6 show a more detailed analysis (based on link Es/No vs FER curves and link budgets) of the CCE reduction due to the alternate PICH and AICH (i.e. 24-bit) control channel format (“compact grant”)  and indicate a reduction from 8 CCEs to 3 CCEs and reduction in power (42.8 dBm to 38.6 dBm) or about a 100% improvement in CCEs reduction and 250% reduction in required power.
Table 5 – CCH Coverage vs. #CCEs for 24-bit payload (including 16-bit CRC) – 5 MHz Case 3 
	#CCEs of size 36 REs
	1% BLER Es/Nt (total)*
	Cell Radius for 98%-ile Area Coverage **
	Power Allocated

	1
	+0.20 dB
	640 m
	33.8 dBm

	2
	-3.20 dB
	812 m
	36.8 dBm

	3
	-4.80 dB
	913 m
	38.6 dBm

	4
	-6.00 dB
	1080 m
	39.8 dBm


* Single Transmit Antenna and two Receive Antennas – MRC Rcvr, Ideal Channel estimation.

** Given Case 3 deployment scenario of 1732 meter ISD (1 km radius cells).

Table 6 – CCH Coverage vs #CCEs for 46-bit payload (including 16-bit CRC) – 5 MHz Case 3 
	#CCEs of size 36 REs
	1% BLER Es/Nt*
	Cell Radius for 98%-ile Area Coverage **
	Power Allocated

	1
	+5.54 dB
	453 m
	33.8 dBm

	2
	+1.96 dB
	569 m
	36.8 dBm

	3
	+0.03 dB
	646 m
	38.6 dBm

	4
	-1.54 dB
	721 m
	39.8 dBm

	5
	-2.54 dB
	776 m
	40.8 dBm

	6
	-3.32 dB
	819 m
	41.6 dBm

	7
	-4.06 dB
	867 m
	42.2 dBm

	8
	-4.68 dB
	908 m
	42.8 dBm


* Single Transmit Antenna and two Receive Antennas – MRC Rcvr, Ideal Channel estimation.
** Given Case 3 deployment scenario of 1732 meter ISD (1 km radius cells).

5. Conclusion
It was shown that by using an alternate downlink L1/L2 control channel format (“compact grant”) for transporting the PICH and AICH and D-BCH scheduling grant that the number of channel elements (CCEs) needed for a control channel cell edge coverage was significantly reduced from 8 to 3 and the required power was reduced by 250% for the Case 3 deployment scenario.  There is no increase in the number of blind detections a UE must perform for the PICH and AICH since it only looks for the 24-bit PICH format when in the LTE_IDLE state and only looks for the 24-bit AICH format when it is accessing the network via the unsynchronized random access channel.  The D-BCH scheduling grant is constrained to be either 2 or 4 CCEs and can occur in two predetermined search space locations for each control channel configuration [4] such that only two additional blind detections are required per subframe control region.  The two extra blind detections only need to be performed on those subframes that can contain a D-BCH message. The subframe of the D-BCH containing SU-1 is indicated by the P-BCH and the SU-1 has a schedule indicating the subframes containing the other non-SU-1 D-BCHs. The alternate downlink L1/L2 control channel 24-bit formats for PICH, AICH, and D-BCH scheduling grant are therefore proposed for LTE.
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