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1. Introduction
A discussion took place in email discussion [92#40][LTE/MTC] on how to enable multiple narrow bands to increase paging capacity and hence to reduce paging blocking probability based on RAN1 agreement to allow for multiple narrow bands for eMTC. One or more narrowbands can be configured by eNB for paging. It was also discussed how to distribute the UEs into different paging narrowbands. We provide our views on the distribution of UEs in to paging narrow band in order to guarantee uniform UE distribution considering any DRX cycle, nB and number of paging narrowbands combination.

2. Discussion
PF and PO are calculated in legacy system as below:
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 = floor(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 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: DRX cycle of the UE. If a UE specific extended DRX value of 512 radio frames is configured by upper layers according to 7.3, T =512. Otherwise, T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. 
-
nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32.

-
N: min(T,nB)

-
Ns: max(1,nB/T)

-
UE_ID: IMSI mod 1024.
PF is a function of (UE_ID mod N) and N defines how many paging PF groups are within a DRX cycle. During the email discussion, a formula is proposed to distribute the UEs in different narrowbands such that
· Option 1: The narrowband for the first frequency hopping cycle (if configured) that a UE should monitor for its paging = UE_ID MOD Configured number of narrowbands for paging where UE_ID can be as defined in 36.304 for PO calculation or different to provide further spreading.
If the above formula is used for paging narrowband selection, both PF and paging narrowband is decided based on (UE_ID mod N) and (UE_ID mod K) where N and K are integers. The UE distribution in different paging narrowband cannot be guarantee for some value combination of N and K as illustrated in the example below.
For example, assume T = 256 and nB = T/32.  N=T/32. 

PF is decided based on:
SFN mod 256= (32)*(UE_ID mod 8)

Any UE_ID which has (UE_ID mod 8) = 0, are monitoring the same PF for paging.
This group of UEs would have IMSI mod 1024 = 0, 8, 16, 24, …

If assuming 4 narrowbands are used for paging, paging narrowband distribution according to Option1 is 

(UE_ID mod 4).

UE groups with IMSI mod 1024 = 0, 8, 16, 24, … would result in the same narrowband for paging monitoring. Therefore UE distribution among different narrowband in a given PF is not guarantee with Option 1. 

Observation 1: Option 1: (UE_ID mod K) cannot guarantee paging UE distribution in multiple narrowband in a given PF.

Multiple paging narrowband is used to increase paging capacity and to reduce blocking probability. Therefore, even UE distribution among multiple narrowband is an important considering any possible DRX cycle, nB and number of narrowbands combination. There are two simple options to distribute the UEs evenly among configured paging narrowbands.
Option A: extended the i_s calculation to cover for both time and frequency distribution

i_s = floor(UE_ID/N) mod Ns is used in the legacy system to distribute UEs evenly among multiple paging suframes in paging radio frame. It is simple to extend the same formula in frequency domain to take into account the available paging narrowbands. 

Therefore, i_s = floor(UE_ID/N) mod Ns is modified as below;

i_s = floor(UE_ID/N) mod (K*Ns)
where K is number of configured paging narrowbands. For FDD,
Subframe pattern for corresponding (Ns, i_s) is provided in 36.304 for FDD as:

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

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9


Subframe pattern for corresponding (Ns, i_s) should be modified to take multiple paging narrowbands.
For example, assume f=1, 2, or 3;

FDD:

	Ns/f
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3
	PO when i_s=4
	PO when i_s=5

	1/1
	9/f1
	N/A
	N/A
	N/A
	N/A
	N/A

	1/2
	9/f1
	9/f2
	N/A
	N/A
	N/A
	N/A

	1/3
	9/f1
	9/f2
	9/f3
	N/A
	N/A
	N/A

	
	
	
	
	
	
	

	2/1
	4/f1
	9/f1
	N/A
	N/A
	N/A
	N/A

	2/2
	4/f1
	9/f1
	4/f2
	9/f2
	N/A
	N/A

	            2/3
	4/f1
	9/f1
	4/f2
	9/f2
	4/f3
	9/f3


Option B: introduce new formula for paging narrowband selection
New formula can be introduce for the narrowband selection such that

f_s = floor(UE_ID/N) mod K

where f_s is index of paging narrowband for the UE. K is the number of configured paging narrowbands.

Both option A and option B provide distribution of UEs evenly among the configured paging narrowbands. One assumption taken in the above analysis is that same number of paging subframes are configured in a paging radio frame in all the configured paging narrowbands. Option B is simple to be captured in the specification.
Proposal 1: RAN2 is requested to discuss and agree on formula for even UE distribution among paging narrowbands. A new formula is introduced such that
f_s = floor(UE_ID/N) mod K

where f_s is index of paging narrowband for the UE. K is the number of configured paging narrowbands.

3. Conclusion

We have discussed how to guarantee even UE distribution among configured paging narrowbands for eMTC UEs in this contribution. The following proposal was made.
Proposal 1: RAN2 is requested to discuss and agree on formula for even UE distribution among paging narrowbands. A new formula is introduced such that

f_s = floor(UE_ID/N) mod K

where f_s is index of paging narrowband for the UE. K is the number of configured paging narrowbands.
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