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1
Introduction
In RAN2#61 it was decided that paging level subframe allocation is based on the preallocated subframes for each scheme. In this paper we propose different patterns for all TDD allocations and FDD cases. Additionally we discuss how UE specific paging DRX affects distribution of UEs.   .
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
As the i_s gives just an index to the pattern that is applicable to current cell, there needs to be defined subframe patterns for each case i.e. FDD (1..4 subframes per radioframe) and all TDD subframe allocation schemes. We give a proposal for TDD and FDD patterns in chapter 3.
The PF calculation currently defined in 36.304 has a small problem when UE (multiple UEs) having 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 for each UE specific DRX. One approach would be to assign also new number of paging groups when UE specific DRX parameters are given Problem with this approach is that MME would need to know cell specific paging parameters (number of paging groups needs to be different in a cell with lots of UEs that in a cell with less UEs). Alternatively this would be easily achieved if we just modify number of paging groups in the paging equation to take UE specific DRX into account i.e. T in the equation for PF calculation shall be the one given in the dedicated signaling and N is N*(Tue/T). 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. Additional benefit is that all UEs would be reachable with T of maximum paging DRX even if MME would have lost for some reason UE specific DRX value.
2.1
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 order to avoid misconfigurations and consumed bets – 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. 
3 Paging subframe patterns

3.1
FDD pattern
For FDD we have possibility to utilize any subframe for paging, but of course there are some possible limitations that need to be taken into account. For low BW cell cases it could be considered that 1 or 2 subframes are enough to be used for paging, but then subframes 0 and 5 should be avoided as they may contain SU-1/P-BCH thus having a bit limited capacity. If we have more than two subframes for paging (per radioframe) then other subframes could be 0 or 5 in order to leave enough subframes for possible MBSFN operation. We considered that subframes used for paging could be chosen otherwise quite freely from any “leftovers”. In the given proposal subframes 1 and 6 are being considered in order to “synchronize” location of paging subframes to synchronization channels. 
FDD:

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	4
	N/A
	N/A
	N/A

	2
	4
	8
	N/A
	N/A

	3
	0, 
	4
	8
	N/A

	4
	0, 
	4
	5
	8


3.2
TDD pattern(s)
When considering TDD we may have multiple different UL/DL patterns and thus different subframes available for DL signaling. We thought that in order to avoid high layer configurations depending on used DL/UL pattern and avoid wrong configuration problems, it would be beneficial to transmit paging on the subframes that are always available for DL, i.e. subframe 0, 5, special one or subframe 6 (in case 10ms periodicity). Of course, opposite approach is to define paging subframes for each DL/UL pattern and for each paging density (i.e. a function of DL/UL patterns), but it makes the specification a bit more complex, and makes the duplex agnostic high layer configurations impossible.
It should be noted that subframes 0 and 5 are also in TDD PDSCH limited in small system bandwidths, but on the other hand special TDD frames (ST) are PDCCH capacity limited. Thus we see that subframes 0 and 5 should be the high priority when selecting paging subframes, this will then give you 2 paging subframes per radio frame. While, in case more paging subframes are needed, we have slightly preference that those can be put into special subframes then give you 2 more subframes per radio frame. On the other hand, there was a compromise in last RAN1 meeting that only 2 symbol is allowed for PDCCH in ST. But we thinkt that only one paging PDCCH is needed per subframe so that PDCCH size limitation in ST should not be a limitation to prevent paging occasion in ST. So in order to summarize our view - Our preference is to have paging occasion independent of UL/DL pattern since the selected paging subframes are always for DL.
TDD (all UL/DL patterns):

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	0
	N/A
	N/A
	N/A

	2
	0
	5
	N/A
	N/A

	3
	0, 
	ST/1
	5
	N/A

	4
	0, 
	ST/1
	5
	ST/6


3
Conclusion
In this paper we presented needed parameters and formula for subframe level synhronization for paging between UE and eNB. 
Beginning of Text Proposal for 36.304
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), where N is N*(Tue/T) in case UE has valid Tue
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
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, 256radioframes.
-
Tue: UE specific paging DRX signalled to the UE in the upper layer signaling


-
nB = 4T, 3T, 2T, T, 1/2T, 1/4T, 1/8T. Where N in the PF is given by min(T,Nb) and Ns for i_s calculation is given by 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".
7.2
Subframe Patterns



FDD:

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	1
	N/A
	N/A
	N/A

	2
	1
	6
	N/A
	N/A

	3
	0, 
	1
	6
	N/A

	4
	0, 
	1
	5
	6


TDD (all UL/DL patterns)
:
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	0
	N/A
	N/A
	N/A

	2
	0
	5
	N/A
	N/A

	3
	0, 
	ST/1
	5
	N/A

	4
	0, 
	ST/1
	5
	ST/6


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,3T,2T,T,1/2T,1/4T,1/8T} –-3T is FFS
}

-- ASN1STOP

	PUCCH-Configuration field descriptions

	T

Parameter: T gives paging DRX in radioframes

	nB
Parameter: Nb gives number of paging groups in a radioframe. In case nB < T then there is one paging group in radioframe


End of Text Proposal for 36.331
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