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1 Introduction

In LTE, most networks use limited number of slots, e.g. typical 64 slots of 1024 assigned, for page. P-RNTI is used by the UEs for the reception of paging. It is a common RNTI with a fixed value of 65534 (FFFE). Since all UEs share the same P-RNTI, the UEs with the same paging occasion will all pass PDCCH and wake up to decode the page message on PDSCH. Only when S-TMSI included in the page message matches the UE’s the UE considers reception of a DL page. Clearly, for most other UEs, such unnecessary page message decode causes excessive power consumption, which is not necessary.

In this paper, we propose to use multiple P-RNTIs to mitigate the false alarm issue.

2 False PDSCH wake-up issue analysis
We use a few simple calculations to give real examples of LTE paging behaviour. Per [1], paging frame (PF) and paging occasion (PO) are calculated as follows:

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 the following tables will be derived from following calculation:

i_s = floor(UE_ID/N) mod Ns
FDD:
	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


TDD (all UL/DL configurations):
	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

	4
	0
	1
	5
	6


The following Parameters are used for the calculation of the PF and i_s:

-
T: DRX cycle of the UE. 

-
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.
Taking various default page cycles from 64 to 256 and nB from 4T to 4/T, the number of available paging frames in one DRX cycle and the number of paging occasions in one paging frame are given in the following table:
	 
	nB

DRX T        
	4T
	T
	T/2
	T/4

	# of PF''s
	64
	64
	64
	32
	16

	# of PO's
	
	4
	1
	1
	1

	# of PF''s
	128
	128
	128
	64
	32

	# of PO's
	
	4
	1
	1
	1

	# of PF''s
	256
	256
	256
	128
	64

	# of PO's
	
	4
	1
	1
	1


By observing the table, select large value of T or nB will help to reduce false wake-up. For example, if DRX cycle is 256 (2.56s) and nB is 4T, all UEs can be distributed to 256*4=1024 paging occasions; if DRX cycle is 64 (640ms) and nB is T/4, all UEs can be distributed to only 16*1=16 paging occasions.

Observation 1: for the UEs assigned to the same paging occasion, majority of UEs will be false alarmed for PDSCH decode.
By looking at field logs, most networks configure nB as T, T/2, or T/4, which effectively makes only 1 paging occasion per paging frame. With a typical DRX cycle of 1.28s, the number of available paging occasions will be 32 to 128.

Observation 2: most networks only configure 1 paging occasion per paging frame, which makes the false wake-up issue worse.

We also run a few simulations to show the false PDSCH wake-up probability. The results are shown in figure 1. Assumption of the simulation:

· 100 to 10000 UEs in one tracking area.

· 1.28s DRX cycle with 128 PO’s. The number of UEs in one PO follows binomial distribution.

· Paging arrival rate is average one page per 30mins (1800s). Note paging arrival follows Poisson distribution.
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Figure 1: False PDSCH wake-up probability with single P-RNTI

Observation 3: simulation results show that false PDSCH wake-up probability is significantly high even with a lightly loaded network.

3 Multiple P-RNTI
One way to help the false wake-up issue is to configure a larger DRX cycle, e.g. 2.56s or even bigger. However, this method would significantly increase delay of any MT call.
Therefore, another factor, P-RNTI, should be considered to solve this problem. With multiple P-RNTI’s, effectively the number of PO is increased and thus the number of UEs passing PDCCH would be less. Using the same parameters in section 2, the following figure shows the simulation result with 20 P-RNTIs.
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Figure 2: False PDSCH wake-up probability with 20 P-RNTI’s
Observation 4: with multiple P-RNTI’s, the false PDSCH wake-up issue is improved.

The basic procedure to apply multiple P-RNTI’s is:

· Similar to paging frame hashing, a new hashing mechanism is needed to distribute available P-RNTI’s to UEs.

· The UE selects the P-RNTI associated with it in the hash process.
· The UE, when waking up at its paging occasion, will only pass PDCCH CRC with its specific P-RNTI.

· If there is an indicator, the UE will continue to decode the page message on PDSCH and see if S-TMSI is matching. 

Proposal 1: use multiple P-RNTI’s to mitigate the false PDSCH wake-up issue.
4 Summary
In this paper, the analysis of unnecessary PDSCH wake-up issue is provided. We have four observations:

Observation 1: for the UEs assigned to the same paging occasion, majority of UEs will be false alarmed for PDSCH decode.
Observation 2: most networks only configure 1 paging occasion per paging frame, which makes the false wake-up issue worse.

Observation 3: simulation results show that false PDSCH wake-up probability is significantly high even with a lightly loaded network.

Observation 4: with multiple P-RNTI’s, the false PDSCH wake-up issue is improved.
To solve this problem in NR, the following solution is proposed:

Proposal 1: use multiple P-RNTI’s to mitigate the false PDSCH wake-up issue.
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