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1
Introduction
This paper summarizes email discussion on various paging details i.e. UE specific paging DRX handling and details on broadcasting parameters.
2
PF and UE specific DRX
Currently in the 36.304 following equations are given for PF (Paging Frame) and PO (Paging Occasion) calculations

PF is given by following equation:

SFN mod T= (T div N)*(UE_ID mod N)

Index i_s pointing to PO from subframe pattern defined in 7.2 will be derived from following calculation (FFS if Ns = 3 is not supported):

i_s = (UE_ID/N) mod Ns

The PF calculation currently defined in 36.304 has a small problem when UE (multiple UEs) has UE specific DRX (Tue). The ratio T : N (Number of groups during certain time) is not stable with different values of UE specific paging DRX as the value N is constant independently of UE specific DRX.. 
The below table shows the periodicity in frames used for paging with the various possible values for N and T.

	
	N=2
	N=4
	N=8
	N=16
	N=32
	N=64
	N=128
	N=256

	T=32

Periodicity (frames)
	16
	8
	4
	2
	Every
	Invalid
	Invalid
	Invalid

	T=64
Periodicity (frames)
	32
	16
	8
	4
	2
	Every
	Invalid
	Invalid

	T=128
Periodicity (frames)
	64
	32
	16
	8
	4
	2
	Every
	Invalid

	T=256
Periodicity (frames)
	128
	64
	32
	16
	8
	4
	2
	Every


As it can be seen from the table, when different DRX period values are used by different UEs, a different number of available frames would be used for the various DRX values. For example, if N were 4, 1 of 8 frames would be used for paging UEs with DRX period of 32, but half as many frames would be used for DRX period of 64, a quarter as many frames would be used for DRX period of 128, and an eighth as many frames would be used for DRX period of 256. Suppose that in a period of 64 frames that there are enough pages for UEs with DRX equal to 256 to fill one frame. Also, suppose that there are an equal number of pages for UEs with DRX equal to 128, 64, and 32. The frames used for DRX=256 are shared with UEs using the other DRX values.  As can be seen from the following picture, there will be too much paging load in the frames used for UEs with DRX=256.
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In order to address this, the value of N could be increased to 8. The result, however, would be that twice as many frames (1 of 4) would then be used for paging. As can be seen from the following picture, the frames for the UEs with DRX=256 would still be heavily loaded and even a slight increase in the paging load for these frames would require a further increase of N, leading to 1 of 2 frames used for paging.
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Problem to be solved:
UEs should be allocated evenly among the frames allocated for paging regardless of UE specific DRX period.

Needs solving: RIM, Nokia Corporation, NSN, NTT DoCoMo, 

Does not need to be solved: -
2.1 Possible Solution

With a simple modification to the formula in [2], the frames for paging can be allocated evenly regardless of DRX period as presented in [3] & [4].
2.1.1
Solution 1

In [3] T in the equation for PF calculation is the one given in the dedicated signaling (Tue) and N is Nb*(Tue/T), where Nb is the broadcasted value of N (a.k.a. Default paging cycle). This way UE having e.g. double length DRX would have double amount of “paging groups” used in the equation and UE with half of paging DRX would have half amount of paging groups – Thus ensuring uniform distribution of UEs. 
2.1.2
Solution 2

In [4] a bit similar approach was chosen to solve the problem of unevenly distributed UEs - The number of paging groups broadcast in the system information will be applied to the shortest DRX period and larger DRX cycles will have larger numbers of paging occasions per DRX cycle.

The proposed parameters are:

N = 2**n, where n= Integer(0,1,2,3).  

T = 2**t, in 10 ms, where t = Integer(5,6,7,8), resulting in paging DRX cycle length values of 0.32, 0.64, 1.28 and 2.56 seconds.

The proposed formula to calculate the paging occasion is:

A frame is a paging frame if:

SFN mod T = (8 div N)*(UE_ID mod [2**(log2(N) + log2(T) - 3)]).

The 8 and 3 in the above formula refer to a minimum DRX cycle of 8 frames, 2**3 = 8.  This would allow DRX cycle lengths as small as 80 ms to be added in future releases without any change to the formula.

2.2 Summary

Problem to be solved:
UEs should be allocated evenly among the frames allocated for paging regardless of UE specific DRX period.

Needs solving: RIM, Nokia Corporation, NSN, NTT DoCoMo, 

Does not need to be solved: ?
Solution: Both solutions in [3] & [4] seems to have same endresult of solving the problem – In the offline discussion it was agreed between proponents of [3] & [4] to utilize solution from [3] i.e. Solution 1 in chapter 2.1.1
Supporting: Nokia, NSN, RIM, NTT DoCoMo, 
Objecting: - 
3
Broadcasted paging parameters
Currently spec lists following paging parameters in the system information:

-
T: Range of paging DRX values 32, 64, 128, 256 radioframes. 

-
N_s = 1,2,3(FFS),4 indicates how many subframes are used in a radioframe (2bits)
-
N = Paging Group Count on radioframe level: 2, 4, 8, 16, 32, 64, 128, 256 – N can’t be larger than T (3bits)
Now signalling N consumes bits unnecessarily as it is not possible to have larger N than T and it has also been agreed earlier that Nsubframes_per_radioframe can’t be larger than 1 if N is not equal to T (i.e. at least one paging group in each radioframe). In [3] it was presented that in order to avoid misconfigurations and consumed bits – it would be easy to avoid if N would be function of T i.e. N = Paging Group Count on radioframe level: T,1/2T, 1/4T, 1/8T. So tying paging group count to T (paging DRX length) reduces number of bits needed as then there is no need to signal parameter values that are impossible (e.g. combination of T =  32 and N = 128). Additionally Number of subframes per radioframe could be conditionally present only in case when N=T or even combining N and Ns yields to better coding i.e. broadcasted Nb = 4T, 3T, 2T, T, 1/2T, 1/4T, 1/8T. N in the PF calculation would not be never be larger than T i.e. min(T,Nb) and Ns for i_s calculation Would be max(1,Nb/T) i.e. at least one. By changing coding to this format one would save 2bits from broadcasted parameters and avoid misconfigurations. In [4] very similar proposal was made where the Nb of [3] is called M.
Coding of paging parameters: Nb (or M) shall be used instead of separately giving N and Ns as now presented in [2]. Nb and T (cell specific DRX) are mandatorily present (already agreed for T). If UE specific DRX is configured, the UE always uses the value of Nb (or M) sent in system information in the PF calculation.
Supporting companies: Nokia Corporation, NSN, RIM, NTT DoCoMo
Objecting companies:

3
Conclusion
In the email discussion most of the emails were only considering the text proposal to capture solution 1 considering problem presented here and also the coding of ASN.1 of paging parameters. In the end discussion ended in the attached TP, which still had some points that need more discussion e.g. how parameters are exactly exactly used. But on the other hand all companies that were taking part into the discussion did not oppose against solving the problem based on the solution 1 – only the exact TP had still some more things to be considered. As a way it is proposed to consider the attached TP and check if some changes to it are needed in order it to be acceptable for everyone.
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7
Paging

7.1
Discontinuous Reception for paging
The UE may use Discontinuous Reception (DRX) in idle mode in order to reduce power consumption. One Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH addressing the paging message. One Paging Frame (PF) is one Radio Frame, which may contain one or multiple Paging Occasion(s). When DRX is used the UE needs only to monitor one P-RNTI per DRX cycle.

PF and PO is determined by following formulae using the DRX parameters provided in System Information:

PF is given by following equation:

SFN mod T = (T div N)*(UE_ID mod N)

Index i_s pointing to PO from subframe pattern defined in 7.2 will be derived from following calculation:

i_s = (UE_ID/N) mod Ns
System Information DRX parameters stored in the UE shall be updated locally in the UE whenever the DRX parameter values are changed in SI. If the UE has no IMSI, for instance when making an emergency call without USIM, the UE shall use as default identity (e.g. UE_ID = 0) in the PF and i_s formulas above.
The following Parameters are used for the calculation of the PF and i_s:

-
T: Range of DRX values 32, 64, 128, 256 radioframes.The UE specific DRX parameter, if allocated and having shorter DRX than T, shall override T


-
nB: 4T, 2T, T, 1/2T, 1/4T, 1/8T. 
-
N: min(T,nB) 
-
Ns: max(1,nB/T) 


-
UE_ID: IMSI mod 4096.

IMSI is given as sequence of digits of type Integer(0..9), IMSI shall in the formulae above be interpreted as a decimal integer number, where the first digit given in the sequence represents the highest order digit.

For example:


IMSI = 12 (digit1=1, digit2=2)

In the calculations, this shall be interpreted as the decimal integer "12", not "1x16+2 = 18".




	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	




	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


End of Text Proposal for 36.304
Beginning of Text Proposal for 36.331
–
SemiStaticCommonChConfig
The IE SemiStaticCommonChConfigSIB and IE SemiStaticCommonChConfig are used to specify common channel configurations in the system information and in the mobility control information, respectively, e.g., the random access parameters and the static layer‑1 parameters.

SemiStaticCommonChConfig information element
-- ASN1START

SemiStaticCommonChConfigSIB ::=

SEQUENCE {


genericRandomAccessParams


GenericRandomAccessParams,


referenceSignalPower



INTEGER (0),







-- encoding FFS

prach-Configuration




PRACH-ConfigurationSIB,


pccch-Configuration




PCCCH-Configuration
}

SemiStaticCommonChConfig ::=

SEQUENCE {


genericRandomAccessParams


GenericRandomAccessParams,


numberOfTransmitAntennas


ENUMERATED {n1, n2, n4}












OPTIONAL,




-- Need OC, 2-bit field FFS

phich-Configuration




PHICH-Configuration




OPTIONAL,
-- Need OC


referenceSignalPower



INTEGER (0),





  -- need, encoding FFS

prach-Configuration




PRACH-Configuration

}

-- ASN1STOP

	SemiStaticCommonChConfig field descriptions

	numberOfTransmitAntennas

Parameter: Number of (cell-specific) antenna-ports [RAN1 specification; FFS]

	referenceSignalPower

Parameter: Reference-signal power [RAN1 specification; FFS]


–
PCCCH-Configuration
The IE PCCCH-ConfigurationSIB are used to specify the PCCCH configuration in the system information.

PCCCH-Configuration information elements
-- ASN1START

PCCCH-Configuration ::=


SEQUENCE {

T








ENUMERATED {32, 64, 128, 256},

nB








ENUMERATED {4T,2T,T,1/2T,1/4T,1/8T}

}

-- ASN1STOP

	PUCCH-Configuration field descriptions

	T

Parameter: T gives paging DRX in radioframes

	nB
Parameter: Nb is used to derive number of paging groups according to [4]


End of Text Proposal for 36.331
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