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Introduction
This contribution depicts the N-PCH design and its performance for the N-GSM concept proposal earlier introduced in [1], which is proposed to be included into TR 45.820 [2] in [3]. 
Section 2 describes the content of the new N-Paging Request message which is used for paging MS through N-PCH channel. Based on the message size, the channel structure is defined for the N-PCH blocks.
Section 3 depicts the paging group calculation for the N-GSM system where the N-PCH block size is extended compared to the legacy paging block size. The same method used for the legacy GSM system is applied for paging group calculation with the change that the number of paging blocks per 51-multiframe used in the calculations is reduced for N-GSM.
Section 4 presents the adaptive repetition concept introduced for repetition of N-Paging-Request messages. In particular the network decides on the repetition of the paging block based on the detection of a dedicated TSC used in the RACH channel access attempt.

DESIGN FOR N-PCH
Message content
A new paging message type N-Paging Request is introduced for N-GSM. The message contains following parameters:
< Message Type : bit (6) >
< Page Mode : bit (2) >
					
{	0	-- Single IMSI included
		< IMSI : bit (64) >
	| 1	-- One or two P-TMSIs included
 		< P-TMSI : bit (32) >
		{ 0 | 1 < P-TMSI  : bit (32) > }
} ;

The message size for the N-Paging Request hence sums up to 74 bits.

N-PCH Channel Design
The block structure, CRC construction and convolutional coding scheme for the above payload size are given in Table 1.

	N-PCH coding parameters
	Size [bits]


	Payload bits
	74

	CRC
	18

	Tail bits
	4

	Input bits for channel coding
	96

	Convolutional coding
	½

	Constraint Length
	5


Table 1:  Channel structure and Coding Details for N-PCH

The above channel coding results in 192 encoded bits which can be mapped to 8 precoded GMSK bursts, each carrying 12 GMSK symbol sequences and hence 24 bits. Single N-GSM paging block is mapped to 8 bursts compared to 4 bursts for the legacy GSM paging block.
Encoded bits of the N-Paging Request message are mapped to GMSK symbol sequences in the same manner as for N-PDTCH leaving 2 GMSK symbol sequences in each burst carrying the N-PCH Header.
The N-PCH header in the burst carries the paging group index within the repetition window as described in section 3.1. The TSC used for N-PDTCH is also used for N-PCH.
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Figure 1:  Burst structure for N-PCH
N-PCH Header block structure
The block structure, CRC construction and convolutional coding scheme for the N-PCH Header are given in Table 2.
	N-PCH Header coding parameters
	Size [bits]


	Payload bits
	2

	Checksum
	1

	Tail bits
	4

	Input bits for channel coding
	7

	Convolutional coding
	1/5

	Puncturing
	3


Table 2:  Channel structure and Coding Details for N-PCH

The above channel coding results in 32 encoded bits which can be mapped to 8 precoded GMSK bursts, each carrying 2 GMSK symbol sequences and hence 32 bits. 
N-PCH Interleaving
Encoded bits are interleaved over 8 bursts. The interleaving pattern is FFS.
Paging group calculation
In the N-CCCH control frame structure, 10 TDMA frames are used for N-SCH and 8 TDMA frames are used for N-BCCH transmission. Thus only 32 TDMA frames are available for transmission of N-AGCH and N-PCH channels. As single N-PCH block is sent in 8 successive bursts it occupies 8 TDMA frames. Thus a maximum of 4 N-PCH blocks can be accommodated in the N-CCCH control frame (51-multiframe).
The paging group calculation for N-GSM in order to derive the paging group, the MS is assigned to, is based on its IMSI and reuses the method applied for legacy GSM. In the calculation, the number of paging groups per 51-multiframe is modified as per N-PCH block size.
When sending the paging request message to the BSS, the SGSN includes the following parameters
· IMSI
· DRX cycle (if eDRX is enabled, the eDRX cycle).
The BSS determines the next paging occasion for the device based on the above parameters as 
· Number of paging groups within the DRX cycle is derived as
N  = (N_PCH_BLKS_MFRM x EXTENDED_DRX_MFRMS) / N_PCH_BLKS. 
· The paging occasion for the MS is derived as 
N-PCH CC1 block = mod (IMSI, N)
An example is given below:
· IMSI = 00000000  10001001  00110000  00000001 (= 47964179) and  
· EXTENDED_DRX_MFRMS = 4096 (i.e. the eDRX cycle ~ 16 minutes)
· N = 4 * 4096 = 16384
· N-Paging Group = mod (IMSI, 16384) = 12289 which occurs in the 12290th N-PCH block of the eDRX cycle (i.e. in the 2nd paging block of 3073rd  51- multiframe within eDRX cycle).

Repetition of Paging Message
The paging request message towards the MS is repeated at the same paging block location across successive 3 51-multiframes. In order to allow the MS which is listening to the paging blocks in the repetition locations to differentiate the paging block from its own and the repeated paging block , the N-PCH header carries an additional 2 bit value which equals the Paging-Multi Frame mod 4, where the Paging-MultiFrame corresponds to the 51-multiframe number of the paging occasion of the MS.
Figure 2 below shows the 4 N-PCH blocks (orange, occupying 8 TDMA frames) within the N-CCCH 51-multiframe structure and its repetitions across 4 51-multiframes.
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Figure 2:  Repetition of N-PCH blocks (orange) across 4 51-multiframes, N-BCCH blocks (blue). 

Figure 3 below shows the N-PCH header value for paging transmissions starting at different 51 multi-frames.
[image: ]
Figure 3:  N-PCH header value (identical to Paging-Multi Frame index) for paging transmissions using repetitions. 



For MS whose paging group starts at 51-multiframe mod 4=0 , the N-PCH header value is 0. This MS will check for presence of N-PCH header value 0 in 4 successive 51- multiframes starting from its paging frame.
For MS whose paging group starts at 51-multiframe mod 4=1, the N-PCH header value is 1. This MS will check for presence of N-PCH header value 1 in 4 successive 51-multiframes starting from its paging frame. For other MS there is equivalent operation.
If the BSS schedules a paging message at 51-multiframe mod 4=0 and if it repeats this in the next multiframe, MS which is checking the N-PCH header for 51-multiframe mod 4=1 will not decode the paging message as the received N-PCH header value is not matching to its required value of 1.
With this mechanism, the MS is not required to decode the complete paging block if the N-PCH header content does not match.
Adaptive Repetition of Paging Messages
The paging repetitions are controlled adaptively based on the N-RACH-Paging Response message reception. The repetition positions of N-RACH for paging response are different from N-RACH repetition positions meant for mobile originated N-RACH attempts. The N-RACH message for paging response also uses a different TSC than the TSC used for N-RACH attempts for mobile originated traffic.
· Starting position of paging response for first transmission: The starting uplink TDMA frame is decided based on the downlink TDMA frame on which the paging block is received.
· Starting UL TDMA Frame = DL-Paging-TDMA Frame of last N-PCH block + 2.
· Repetitions are placed in such a way that with maximum number of repetitions this completes within 2*51-multiframes from the paging group location so that maximum one additional repetition would be required when MS chooses maximum repetitions.
· Table 3 below provides the mapping between Paging blocks of Nth 51 multiframe to RACH positions of page-response in N to N+2 51 multiframe of uplink.
	Paging block within 51-multiframe
	Uplink TDMA frame numbers                            of N-RACH repetitions

	PB1(N)
	(21,25,31,35)N 
(41)N,(45)N,(1)N+1,(5)N+1, 
(11,15,21,25)N+1,  
(31,35,41,45)N+1

	PB2(N)
	(32,36,42,46)N, 
(2,6,12,16)N+1,
(22,26,32,36)N+1   
(42)N+1,(46)N+1,(2)N+2,(6)N+2

	PB3(N)
	43, 47, (3)N+1, (7)N+1, 
(13,17,23,27)N+1  
(33,37,43,47)N+1   
(3,7,13,17)N+2

	PB4(N)
	(4, 8,14,18)N+1, 
(24,28,34,38)N+1,  
(44)N+1, (48)N+1, (4)N+2, (8)N+2
(14, 18, 24, 28)N+2


Table 3:  Mapping between Paging blocks of Nth 51 multiframe to RACH positions of page-response in N to N+2 51 multiframe of uplink. Positions are given in format: (frame) multiframe.

The uplink repetition positions are mapped to the paging block number in such a way that uplink frame numbers mod 10 are identical to the paging block (PB) number or to PB number+4.
The repetition positions of the paging response across different paging blocks will thus not collide as per the above table. 
Depending on the number of repetitions required MS chooses the positions from the above list starting from first entry as depicted below for the example of an MS paged in PB1.
For PB1:
· 2 Repetions :  21,41
· 4 Repetitions : 21,31,41,45
· 8 Repetitions : 21,25,31,35 and 41,45,51,55
· 16 Repetitions : All the above positions for PB1(N) in Table 3.
With the above selection for MS in extended coverage requiring up to 8 repetitions, all the repetitions will complete prior to paging repetition so that BSS can decide on repetition based on N-RACH reception.
For MS in target coverage condition as the required number of repetitions (=16) will go beyond the paging repetition position in the next 51-multiframe, one additional paging request repetition will be required.
· The N-RACH retransmissions will follow the repetition pattern as mentioned for N-RACH mobile originated traffic. This is required to avoid the immediate termination of paging request repetitions after the first transmission.
Figure 4 below illustrates the N-RACH repetition positions for response to paging messages in PB1. As per this mapping half of the RACH repetitions are completed prior to first repetition of the paging block PB1. If other positions for other paging groups are mapped in the figure they will not overlap with each other.
[image: ]
Figure 4:  Paging Response for paging block PB1 using N-RACH repetition positions before paging request repetition occurs. 

Following are the high level steps involved in deciding the page repetition based on the N-RACH paging response.
· BSS checks for presence of dedicated TSC of the N-RACH paging response in all the above specific positions. 
· Based on the starting position BSS attempts to combine the N-RACH bursts from the specific repetition locations. 
· If the N-RACH decoding is successful then based on the starting position of the N-RACH burst, the paging group, for which the response maps to, is determined. BSS stops further paging repetitions for this paging block.
As per the above repetition pattern it is possible to receive the N-RACH paging response within 2*51 multiframes from transmission of the N-PCH paging block.
In case MS requires all 4 paging blocks to decode the paging message, the N-RACH transmission uses the N-RACH pattern as assigned to mobile originated traffic, since there is no benefit in following the above described pattern which even could be mis-interpreted by the BSS as paging response to paging blocks in next paging frames.
Adaptive Repetition when paging message contains 2 identifiers
The reception of the paging block by the MS is implicitly derived in the network based on the successful decoding of the paging message from specific locations in the uplink frame structure. In case the paging message contains 2 identities (see section 2.1), then network should decide whether to continue the transmission or not based on whether both paging responses were received or not. For this purpose the N-RACH paging response message will include an indicator (one bit) whether the response is meant for first or second paged identity.  
In case the paging message contains only one identity this bit will be set to 0, if it contains 2 identities then 0 will indicate that the page response was sent by the first identity and 1 will indicate that the page response was sent by the second identity.
coverage PERFORMANCE Evaluation
FFS
Conclusion
This contribution presents the N-PCH channel structure and the adaptive repetition procedure for the N-PCH channel. The adaptive repetition is controlled based on reception of the random access message for paging response which will be sent on N-RACH using a dedicated TSC. The positions of the repetitions are mapped to the paging group within the 51-multiframe so that the paging group corresponding to the N-RACH message can be identified and also collision among N-RACH messages for paging response can be avoided.
Compared to blind repetitions, the adaptive repetition of paging allows more efficient usage of paging resources. Moreover this mechanism does not require any information about the MS’s coverage conditions from SGSN avoiding the need to update the coverage conditions from MS to SGSN.
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