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1. Introduction

The Paging Channel (PCH) is used when the UE is idle in the network and the network is trying to establish a connection to the idle UE. Since the whereabouts of the idle UE is not specifically followed, the same paging information must be transmitted across multiple eNode-Bs’. Since the idle UE might receive the same paging information from multiple eNode-Bs’, the idle UE might be able to utilize some soft-combining techniques to increase coverage if the paging information is transmitted synchronously [2]. This contribution discusses the possible synchronous transmission schemes for the PCH, and compares the cdf of average received SINR of PCH.
2. PCH transmission techniques
There are 3 possible transmission schemes for PCH.
· No soft-combining: This PCH transmission technique is just to send PCH on each eNode-Bs asynchronously.
· Partial synchronous soft-combining (soft-combining within cells of the same eNode-B): This option is to send PCH synchronously within eNode-B cells. The UE then can soft-combine synchronously transmitted PCHs from different cells of the same eNode-B.

· Fully synchronous soft-combining (soft-combining among multiple eNode-Bs): This option is to send synchronized PCHs among multiple eNode-Bs in the tracking area, as if PCH is transmitted in a Single Frequency Network (SFN) environment.
Partial or fully synchronous soft-combining transmissions take the advantage of SFN to get higher quality signal reception. Soft-combining can have different meaning according to which system block of L1 you are looking at. In this contribution meaning of soft-combining will be used as coordinated transmission between cells so that time delays of the paths from each cell are aligned within the cyclic prefix duration [2].
When transmitting synchronous signals just to soft-combine PCH only, additional reference signals within the PCH is needed. This increases the overhead of the synchronously transmitted PCH. Synchronous transmissions require allocation of PCH in the same frequency and time across cells or eNode-Bs which might make the scheduling complex and difficult. And in case of fully synchronous soft-combining transmission technique synchronization among multiple eNode-Bs’ is difficult and requires further restrictions in the scheduler of tracking area or the entire network. Synchronizing PCH packets in the tracking area creates additional complications in the L3 and network layers, and thus makes SFN implementation difficult.
Partial or fully synchronous PCH transmission must have some average received SINR gains to be used beneficially against all the complications it creates. So, in the next section we have compared average received SINR values for 3 PCH transmission options. The following is the average received SINR equation we have used in the simulation results.
· No soft-combining
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· Partial synchronous soft-combining
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· Fully synchronous soft-combining
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Here Pi,j is the received signal power from the j-th cell of the i-th eNode-B, N is the noise power, MeNode-B is the total number of eNode-B’s, and NCells is the total number cells per eNode-B.
3. Simulation Results
Simulations were done in hexagonal grid with 3 cells per eNode-B, with the inter-site distance (ISD) of 0.5 Km and 1.732Km. Each cell has a 70 degree sectored beam antenna pattern. Figure 1 is CDF’s of average received SINR values of randomly dropped UEs for ISD of 0.5 Km and 1.732 Km for each PCH transmission options.
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Figure 1. CDF of average received SINR values
Table 1 and 2 are average received SINR values at coverage of 99%, 95% and 90% of all the UEs. Paging is transmitted to idle UEs, which means that the eNode-B must transmit PCH so that almost all the UE in the transmission area can receive the PCH. Acceptable coverage percentile average received SINR value is to be FFS.
Table 1. Coverage percentile for each PCH transmission options at ISD of 0.5 Km

	Coverage Percentile
	Average received SINR [dB]

	
	No soft-combining
	Partial soft-combing
	Full soft-combing

	99%
	-5.100
	-4.625
	19.975

	95%
	-3.525
	-3.000
	24.725

	90%
	-2.525
	-1.900
	27.125


Table 2. Coverage percentile for each PCH transmission options at ISD of 1.732 Km
	Coverage Percentile
	Average received SINR [dB]

	
	No soft-combining
	Partial soft-combing
	Full soft-combing

	99%
	-7.125
	-6.725
	-0.325

	95%
	-4.625
	-4.150
	4.425

	90%
	-3.450
	-2.875
	6.825


4. Conclusions

Although average received SINR gain between different PCH transmission options differs according to the target coverage percentile, simulation results show that average received SINR gain between no soft-combining and partial soft-combining option is about 0.5 dB and average received SINR gain between no soft-combining and full soft-combining option is around 8 ~ 27 dB. It was assumed that CP duration will cover the delay spread of the incoming signals from multiple eNode-Bs, for the full soft-combining simulations.
In case of the soft-combining options the UE not only gain average received SINR it may also additionally have gains from delay diversity. But it should be noted that if the PCH is already being transmitted in a distributed manner exploiting the frequency diversity effects or is transmitted with multiple Tx antenna exploiting Tx diversity effects, the additional delay diversity gains will be negligible.
It is questionable whether partial soft-combining PCH transmission can show gains when increased reference signal overhead and scheduler complexity is taken into account. It is FFS if there are any more benefits if there is any, when using partial soft-combining of synchronous PCH transmission.
Full soft-combining PCH transmission option has significant average received SINR gain compared to no soft-combining, but synchronization between multiple eNode-Bs is difficult and may create large restrictions on the scheduling at each eNode-B. SFN of multiple eNode-Bs also must be supported by higher layers. If this can be supported by the higher layers, full soft-combining PCH transmission might have large coverage benefits. But availability of SFN must be consulted with upper layers first. It is FFS the impact of scheduling restrictions of eNode-B, and difficulties of synchronizing multiple eNode-Bs, which will affect the actual usefulness of full soft-combining option.
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