
3GPP TSG RAN2 Meeting #59 
R2-073337
Athens, Greece, 20th-24th August 2007

Agenda Item:
5.3.1
Source: 
CATT
Title: 
Considerations on Paging Scheme for Idle UE
Document for:
Discussion and decision

1．Introduction

Currently, some conclusion was made for paging scheme in LTE. However, the details of paging scheme are still unclear. Those details includes: L1/L2 control channel design, the occurrence of paging occasion, and paging grouping method, etc. In this contribution, some considerations and suggestions on such details were given.
2．Discussion
The current stage2 working assumptions [1] on paging and C-plane establishment are:

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.

Generally, we believe that the following requirements should be kept in mind when design the paging scheme:

· facilitate UE power saving
· reduce the cost in L1/L2 control channel
· reduce paging delay

· commonalty with normal DL data processing
In UMTS, UE will have to process almost 10ms PICH in each DRX period. In LTE, since L1/L2 control channel can exists in every single DL subframe, UE can decode L1/L2 control channel of only one DL subframe per DRX period. This method can effectively reduce the wakeup time in idle mode comparing to UMTS, and avoid the need of decoding processing in multi-DL subframes.
Proposal 1: In idle mode, UE should decode L1/L2 control channel of only one DL subframe per DRX period to detect the possible incoming paging message.
In [2], it was point out that a possible method is “Paging indication to a paging message at a next sub-frame”. However, in our mind, it seems that this may require different operation as normal DL data processing in DL-SCH. Furthermore, we see it beneficial for UE power saving, if DL scheduling signal can only indicate the time/frequency resource in its own DL subframe, because this will avoid UE to wakeup on some other DL subframe(s), which may contain L1/L2 control channel used by another paging group. Also, this rule can simplify the scheduling operation of the paging message in eNB.
Proposal 2: L1/L2 control signal used for paging and its corresponding paging message should be bind in the same DL subframe (We could send a LS to RAN1 for some reference information).

In[3], it was proposed to “define only one Paging-CRNTI”, “restrict the number of PDCCH’s using the Paging-CRNTI to only one” and “having a fixed location of this one PDCCH”. Basically, we agree those restrictions. 
In practice network, to keep the same efficiency of L1/L2 control channel as normal DL scheduling operation, it may be desired to transmit more than one paging record in one DL subframe (e.g. 2 paging records). However, consider of the probability of simultaneity arrival of paging event, this means that the number of UE which is monitoring the same DL subframe should be high enough (e.g. 1000 UE). Then among this big UE group, almost every UE (e.g. 1000-1=999 UE) will be false alarm (decode the DL-SCH and find no paging record for itself) and lose some battery power in vain. Hence, we see it beneficial to use the special format in L1/L2 control channel for paging purpose [4] [3], and add an emphasis that we should use all “unused bits” to sub-group UE.
Proposal 3: Use the special format in L1/L2 control channel for paging, and make use of all “unused bits” to sub-group UE (We could send a LS to RAN1 to ask the number of sub-groups that can be achieved by the “unused bits”).
In FDD mode, there are 10 DL subframes per radio frame (10ms). In theory, all of those can be designed for paging purpose. While in TDD mode, some subframes will be used for UL purpose. Furthermore, in MBMS mixed cell (FDD or TDD), some DL subframes will be used for MBMS and they may not be used for paging purpose (especially in the SFN mode). There is another reason that the network may not use all available DL subframes for paging purpose: if all DL subframes is used for paging purpose, when the paging load is very low, it may turn out that, on average only 0.2 paging record will be transmitted per DL subframe. On the contrary, in such condition, it may be reasonable to use only one DL subframe per radio frame for paging purpose. It can be argue that this may affect the paging delay, however, the paging delay on average may be extend up to 5ms, which is much small than the usual DRX period length (e.g. 640ms) and therefore can be ignored.
Proposal 4: Within a radio frame (or half frame for TDD frame structure type2, FFS), network could define some or all of DL subframes for paging purpose. Network should notify UE the list of DL subframes which are defined for paging purpose. According to that list, UE should autonomously decide paging occasion for monitoring.
To show the necessity of Proposal 4, a rough comparison of two paging configuration (respecting to the number of DL subframes defined for paging purpose) is provided in Annex.
3．Conclusion

In this document we present some detail on paging scheme for UE in idle mode. RAN2 is required to discuss those topics. If some conclusion can be drawn, CATT will be happy to prepare the corresponding CR.
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5．Annex: An rough comparison of paging configuration
Here we give a rough comparison of two paging configuration for the LTE FDD system.

Assumption:

1) One paging record is about 40 bits.
2) PCH in DL-SCH will use 1/3 coding and QPSK to assure the robust reception by UE at cell edge.
If x bits can be transmitted per PRB, then 
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, => x=60 bits. One paging record needs 1 PRB in DL-SCH.
3) According to [5], in 10MHz FDD cell, the number of idle mode UE is 7000.

4) The paging density for a single UE is 10 times/hour.
5) The number of cells in a TA is 50.

In a cell, on average, the total paging records in 10ms is 7000*10/3600*50*0.01=10.

Then, we can get the following table:
	
	Number of DL subframes defined for paging purpose
	Number of PPB used by paging records per 10ms
	Number of PPB used by paging records per DL subframe
	Ratio of PPB used by paging records in one DL subframe
	Number of used L1/L2 control channel used by paging records per 10ms

	Configuration 1
	10
	1*10=10
	10/10=1
	1/50=2%
	10

	Configuration 2
	1
	
	10/1=10
	10/50=20%
	1


It can be concluded from above table that, through limiting the number of DL subframes defined for paging purpose (within a radio frame), Configuration 2 shows a improved scheduling efficiency of L1/L2 control channel comparing with Configuration 1.

Although some of the figures in this example are demonstrative, it is quite clear that, the paging load in a real network depends on many factors (e.g. paging density, TA size, paging scheme design...). Thus it is important to keep the scalablilty in the specification.
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