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1 Introduction

Currently the Stage-2 [1] includes only very little information on the handling and contents of the paging channel:

--------------

10.1.4
Paging and C-plane establishment

Paging groups (where multiple UEs can be addressed) are used on L1/L2 signalling channel:

-
Precise UE identity is found on PCH;

-
DRX is UE specific.

--------------
As a result, the PDCCH will function like a kind of PI’s, and the PCH message will be found on the DPSCH. 

In this contribution we will look in more detail at the PDCCH and PDSCH contents for paging. 

2 PCH in Rel-99 UMTS
A typical paging message in Rel-99 UMTS would consist of:


- Paging Cause (max 8 values)


- Paging Domain (1 bit)

- Paging Identity (typically TMSI)

All default system information configurations for Rel-99 in 34.108 allow one 240-bit PCH TB to be sent per 10ms. In this PCH TB, a Message Type 1 could contain up to 5 paging records 
. As a result, a total paging capacity of 500 pages/sec exists (10ms TTI) with one PCH/sCCPCH. Note that the support for PCH on HS-DSCH can increase this capacity for Rel-7.
Although it is possible to configure multiple PCH/sCCPCH’s in a cell, this option is not used frequently in UMTS and will not be considered in this contribution.  
The number of paging groups typically used in UMTS varies from 18 to 72 groups (only these configurations are tested in 34.123).

3 PCH in LTE

3.1. Need for paging groups

In UMTS, paging groups are used to limit the amount of “false alarms”: only when the PI is set for a paging group to which the UE belongs, it checks the PCH.

One could wonder whether the concept of paging groups is also usefull in LTE:

1. Amount of paging occasions
If we take the analogy for LTE, a false alarm would occur when the UE reads the PDCCH and finds its paging group, but does not find its unique UE identity on the PCCH over PDSCH. Due to the fact that we have a 10-fold increase in potential paging occasions (1ms subframe duration compared to 10ms PCH TTI), it seems logical that the need for paging groups dimishes by a factor 10.
2. UE load
It can be expected that the amount of UE’s in a system roughly scales with BW
: so a 20Mhz cell could potentially handle a UE / traffic load, and thus also a paging load, which is 4 times the UMTS load.
3. Frequency of Idle->Active transitions
One can wonder whether there would be any significant difference between the amount of IDLE->ACTIVE transitions in LTE and the amount of RRC-Idle ->RRC-Connected transitions in UMTS. Since both LTE_ACTIVE and UMTS-PCH support paging cycles of around 1.28s or more, we assume no significant difference is to be expected. 
4. Impact of false alarm
In UMTS Rel-99, when a false alarm occurred on PICH, the UE would read for 10ms unnecessarily
. In LTE the UE would only receive something like 11 symbols unnecessarily, i.e. around 0.785ms
. Note that due to a finite UE processing capability for the PDCCH, this time is further reduced (UE having to receiver PDSCH during processing anyway)  Although this time may not be completely ignorable, still it is more than a factor 10 less than in UMTS Rel-99.
If we assume that the same unnecessary PCH reading time as in UMTS Rel-99 is allowed while still ensuring good UE standby times, the need for paging groups seems to have diminished by a factor 25 (10*10/4) or so for a 20Mhz cell, up to a factor 400 for a 1.25Mhz cell. 
Therefore it seems questionable whether the concept of paging groups is needed at all in LTE and RAN2 is requested to discuss this.
Proposal 1: 
The need for paging groups is significantly reduced in LTE.  RAN2 is requested to discuss whether the concept can be removed altogether.
3.2. Required PDSCH resources
One other question is how much resource blocks typically would be used by PCCH ? It seems realistic to use a similar code rate as the expected most robust PDCCH coding which we assume will be code rate 1/6th and QPSK. As a result, 1 RB should be able to carry around (12 * 11 * 2 /6 = 44 bits).  As a result, PCCH will probably be carrying 1 paging record per RB. 
3.3. PDCCH Optimisation
Ref[2] proposed to be able to indicate multiple paging groups on PDCCH, with a common paging C-RNTI used for CRC calculation, and a special format for the L1/L2 control in case of the paging C-RNTI:
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Figure 2: Paging procedure in alternative 2.

Although we have seen that the need for paging groups is strongly decreased in LTE, still if we have paging groups this type of optimisation could be interesting. This because the overhead per paging group is quite large (1 PDCCH per paging group), about 100% in case only 1 UE of a paging group is paged.

Ref[2] assumed that: “the L1/L2 control channel format for paging indication does not include DL MIMO information, modulation scheme and HARQ information, as DL MIMO information and modulation scheme should be static and HARQ is not applied”.
RAN1/2 have currently not made any agreements on the PDCCH format. However during the SI phase, the following format was described in [3]
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Field

 

Size

 

Comment

 

ID (UE or group specific)

 

[

8

-

9

]

 

Indicates the UE (or group of UEs) for which the 

data transmission is intended

 

Resource assignment

 

FFS

 

Indicates which (virt

ual) resource units (and layers 

in case of multi

-

layer transmission) the UE(s) shall 

demodulate. 

 

Cat. 1

 

(Resource indication)

 

Duration of assignment

 

2

-

3

 

The duration for which the assignment is valid, 

could also be used to control the TTI or persistent 

scheduling.

 

Multi

-

antenna related information

 

FFS

 

Content depends on the MIMO/beamforming 

schemes selected.

 

Modulation scheme

 

2

 

QPSK, 16QAM, 64QAM. . In case of multi

-

layer 

transmission, multiple instances may be required.

 

Cat. 2

 

(transpor

t format)

 

Payload size

 

6

 

Interpretation c

ould depend on e.g. modulation 

scheme and the number of assigned resource units 

(c.f. HSDPA). In case of multi

-

layer transmission, 

multiple instances may be required.

 

Hybrid ARQ 

process number

 

3 

 

Indicat

es the hybrid ARQ process the current 

transmission is addressing.

 

Redundancy 

version

 

2

 

To support incremental redundancy. 

 

If 

asynchronous 

hybrid ARQ 

is adopted

 

New data indicator

 

1

 

To handle soft buffer clearing.

 

Cat. 3

 

(HARQ)

 

If 

synchronous 

hybrid ARQ 

is adopted

 

Retransmission 

sequence number

 

2

 

Us

ed to derive redundancy version (to support 

incremental redundancy) and ‘new data indicator’ 

(to handle soft buffer clearing).

 

 


If can omit the indicated fields, it should indeed be possible to save at least some 10 bits, probably more (e.g.  MIMO).
Given the fact that the need for paging groups should be largely reduced in LTE, having 10 paging groups seems sufficient for all cases. Therefore it should be possible to work with a bitmap with 1 bit per paging group.
Proposal 2:
If multiple paging groups need to be supported in LTE, it is proposed to agree on:

1) Define only one “Paging-CRNTI”

- i.e. not per paging group

2) Have a special format for the PDCCH when the Paging-CRNTI is used, including a bitmap with 1 bit per paging group

- this will enable that any combination of UE’s can be paged on the PDSCH.

Since in this approach it will be possible to handle any combination of UE’s with one PDCCH entry, it seems possible to restrict the number of PDCCH’s using the Paging-CRNTI to only one. In combination with having a fixed location of this one PDCCH, this might decrease the UE effort required for checking whether the UE is paged or not.
Proposal 3:
Request RAN1 whether it would be beneficial from UE performance point of view to limit the amount of PDCCH’s with the Paging-CRNTI to one per subframe, and e.g. have this PDCCH present at a fixed location (e.g. first PDCCH).
4 Conclusion
RAN2 is requested to discuss and as far as possible agree on the following proposals:
Proposal 1: 
The need for paging groups is significantly reduced in LTE.  RAN2 is requested to discuss whether the concept can be removed altogether.

Proposal 2:
If multiple paging groups need to be supported in LTE, it is proposed to agree on:

1) Define only one “Paging-CRNTI”

2) Have a special format for the PDCCH when the Paging-CRNTI is used, including a bitmap with 1 bit per paging group

Proposal 3:
Request RAN1 whether it would be beneficial from UE performance point of view to limit the amount of PDCCH’s with the Paging-CRNTI to one per subframe, and e.g. have this PDCCH present at a fixed location (e.g. first PDCCH).
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� 	Overhead of 7 bits (1 bit Msg Type, 1 bit paging list optionality, 3 bits paging record list size, 1 bit BCCH modification info optionality, 1 bit later info optionality), and 40 bits per paging entry (1 bit indentity type, 3 bits cause, 1 bit domain, 3 bit paging identity type, 32 bit P-TMSI), 


� This is a kind of worst case assumption, since due to supporting higher rates, probably the scaling will not be lineairly.


� The amount of HS-DSCH TTI’s the UE has to receive in enhanced PCH is not decided yet.


�  First symbol: 160 + 2048 Ts; 2nd/3rd symbol: (144+2048) Ts; Gain 1ms - (160 + 2*144 + 3*2048)/(2*15360)ms – processing time = 0.785ms – processing time.
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