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1. Introduction

This document proposes a method for reducing call setup delay by UE retrieving “UL interference” from the PICH frame.
2. Discussion

2.1 Background

Recently a number of contributions relating to call setup delay reduction have been presented [1],[2] and [3]. It was shown that the delays caused by the UE SIB7 acquisition time prior to triggering the RRC connection establishment procedure contribute considerably to the total setup delay. If UE can acquire the “UL interference” in about 20ms~30ms, the call setup delay can be reduced 50ms at least.
2.2 Introduction of UL interference in PICH frame
From [4], descriptions about PICH are shown:

“The Paging Indicator Channel (PICH) is a fixed rate (SF=256) physical channel used to carry the paging indicators. The PICH is always associated with an S-CCPCH to which a PCH transport channel is mapped. 
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Figure 24: Structure of Paging Indicator Channel (PICH)
Figure 24 illustrates the frame structure of the PICH. One PICH radio frame of length 10 ms consists of 300 bits (b0, b1, …, b299). Of these, 288 bits (b0, b1, …, b287) are used to carry paging indicators. The remaining 12 bits are not formally part of the PICH and shall not be transmitted (DTX). The part of the frame with no transmission is reserved for possible future use”
Obviously, the PICH has following characteristics:

1. PICH is a common physical channel and should cover the cell perfectly in order to paging any UEs in the cell. In other words, any UE in the cell associates with one PICH.
2. There are 12 bits in every PICH frame which are not transmitted and reserved for future use.
We propose to use the 12 bits to carry “UL interference” so that UE can get the parameter from the PICH frame when a terminal call or an original call is made. If “UL interference” is carried on each PICH frame, it will take only 10ms for the UE to get the parameter. If “UL interference” is carried on every two continuous PICH frames, it will take 20~30ms for the UE to get the parameter. Compared to techniques proposed in [1][2], the time for acquiring “UL interference” is considerably reduced.
Since PICH is not coded or spread, techniques should be considered to guarantee UE correctly retrieving the “UL interference” from the PICH frame.
2.3 Possible solutions
1. By coding

“UL interference” can be encoded by convolutional code with rate 1/2 to achieve coding gain. From [5], the “UL interference” is 6 bits. Following steps can be taken to encode the “UL interference”:
1） The “UL interference” denoted by a1,a2…a6 is convolutional coded with rate 1/2 to c1,c2….c28.
2） After rate matching, the output is r1,r2…r24.
3） After interleaving, the output is i1,i2…i24.
4） i1,i2…i12 is then filled in PICH frame when SFN mod 2 = 0, while i13,i4…i24 is filled in PICH frame when SFN mod 2 =1.
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As mentioned above,it takes UE 20ms to read the “UL interference” when UE make a call at SFN mod 2 = 0, and it takes UE 30ms to read the “UL interference” when UE make a call at SFN mod 2 = 1.

2. By Power offset 

Another possible solution is to define a power offset to the last 12 bits of PICH frame which is used to transmit “UL interference” so as to increase the possibility of UE correctly reading the “UL interference”. The power offset should be configured by RRC.
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2.5 Advantages 
There are several advantages of this proposal.
1. The time of acquiring “UL interference” can be reduced to about 20ms~30ms for not only terminal calls but also original calls.
2. The proposal achieves excellent backward Compatibility. Assuming that the proposal is implemented in R7 network, UEs earlier than R7 can get the “UL interference” from the R7 network because the R7 system information is not altered by the proposal. In the network earlier than R7, the R7 or later UEs can also get the “UL interference” from the system information, though not from the PICH frame. The proposal provides a quick way to get the “UL interference” without affecting the original mechanism.
3. By using our proposal, UEs can get the real time “UL interference” and calculate the initial access power with higher precision. So the access impact to the network and the times of access attempt can be reduced.
4. Because it is the NodeB which measures “UL interference” and fills it into the PICH frame, the proposal is consistent with the common views of LTE that RNC should be simplified as much as possible.
3. Proposal

In this document, we have presented a proposal to reduce call setup delay by acquiring “UL interference” from the PICH frame.
If this proposal is agreed, ZTE is glad to provide all necessary CRs for the relative specifications.
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