3GPP TSG-RAN WG2 Meeting #57bis
R2-071257
St Julian's, Malta

26 - 30 March 2007

Agenda item:

5.3
Source:
Nokia
Title:
An operator configurable procedure for reading the scheduling units 
Document for:

Discussion and Decision

1. Introduction

In the last RAN WG2 meeting #57, it was agreed that the scheduling unit SU-1 will be allocated on the DL SCH channel, unless BCH is extended. This is documented in [1]. This brings some limitations for reading the scheduling units from neighbour cells in idle and dedicated mode in order to avoid high increase on the UE power consumption. Due to the relevance of SU-1 in providing support in some mobility scenarios we propose an operator configurable procedure where it is possible for the UE to read this information from neighbour cells while yet offering a more efficient UE power consumption (in certain scenarios) than used in UTRAN.
2. Reading of scheduling units
It was agreed that SU-1 contains at least the following network information [1]:
-
One or more PLMN identities;
-
Tracking Area Code;
-
Cell identity;
-
Cell barring status.
As SU-1 will most probably be allocated to the DL-SCH channel, the reading of such units from the neighbour cells should be limited otherwise the UE battery lifetime will be severely affected. One possible solution could be to adopt similar procedures as in UTRAN, which means that UE should only read the SU-1 from the best neighbour cell prior to reselection while not needing to read it in dedicated mode. 
Although using similar procedures as in UTRAN helps to reduce UE power consumption, this is done at expenses of having one less tool to create more efficient mobility procedures. For example, if UE would know the SU-1 from neighbour cells, some of the following advantages are foreseen:
-
Less signalling load due to unnecessary measurement reports: UE would not need to send measurement reports from neighbour cells with access restrictions (e.g. barred cells).

-
Better mobility in roaming scenarios: a roaming UE is able to identify the neighbour cell that belongs to its home network and move to it as soon as the minimum access conditions are met.

-
Support for network self-configuration and self-optimisation [1]: reporting of cell identity can support self optimisation procedures as the neighbour cell will be fully identified. This can also helping in solving possible ambiguity that is created in case it is decided that neighbour cell list for intra-frequency mobility is not needed in E-UTRAN.
An operator configurable procedure for reading SU-1
In GERAN and UTRAN the procedures for reading SIBs in idle and dedicated mode is let entirely to the terminal’s responsibility. While it is true that different UE vendors may apply their own reading optimisation procedures, such optimisations are very limited. The reason of this limitation is that UE is not aware of the topology of the network, mobility behaviours and signal sequence reuse, information that is known only by the operator. This suggests that SU-1 reading procedures can be further optimised by considering some level of assistance from the network side.

Considering that, we believe that the SU-1 reading procedure may allow UE to read the SU-1 of neighbour cells and store them in the UE internal database. The next time that UE identifies the neighbour cell, UE will not be required to read SU-1 as the information can be obtained from its database. The validity of the SU-1 information stored in UE’s database can be dictated by the operator based on the network topology, UE mobility, signal sequence reuse, outdoor or indoor scenarios, etc.

The most critical issue in using a UE database is the certainty that the stored SU-1 information belongs to the right cell and not to another cell using the same signal sequence. As an example, in Figure 1, if UE is located near cell A, UE will store its corresponding SU-1 information. The operator configuration procedure should allow UE to use the same database as much as possible but taking into account the signal sequence re-use distance so that when UE is near cell B the SU-1 of the database should be updated. The signal sequence reuse distance could be considered in the optimisation procedure not only by using a expiration timer of the database but also e.g. by using counters for limiting the maximum number of reselections and/or handovers (the same SU-1 database created in idle mode can be used in dedicated mode as well). Thus, the longer the signal sequence re-use distance the less the UE power consumption (less amount of times UE need to read SU-1 and refresh the SU-1 database). 
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Figure 1: Signal sequence reuse

Such operator configurable procedure could be easily set by operators according to the network scenarios, for example:
-
Low mobility (e.g. indoors), rural areas: SU-1 information from neighbour cells in the database can have longer expiration timers and/or counters.

-
Areas with short signal sequence reuse distance: SU-1 database should be updated more frequently. Use of shorter expiration timers and/or counters is needed.
-
Problematic scenarios (e.g. high interference scenarios, high pollution levels), no need for SU-1 information: Optimisation procedure can be disabled by the operator and similar procedures as in UTRAN can be adopted.
Regarding the amount of UE memory required to store the SU-1 from neighbour cells, this should not be high as in normal situations the SU-1 from different neighbour cells share many common values (TA, PLMN etc).

UE power consumption 
As discussed in the previous section, we propose an optimized approach for reading the SU-1 information from neighbour cells. Yet, still a question, what would be the impact on the UE power consumption compared to a UTRAN like procedure, remains. A quick evaluation of the UTRAN approach suggests some benefits on the terminal’s power consumption. However, by understanding the mobility behaviour in the cellular networks, we can realize that if properly designed and configured reading SU-1 information from the neighbour cells can actually save more power consumption. This is possible due to the current UE mobility trend:

a)  More than 60% of mobile users access the network in stationary fashion.

b) E-UTRAN applications in indoor scenarios (under femto cells, corporate cells), new internet-table like devices, increasing amount of static devices (selling machines etc) are expecting to increase the amount of terminals in stationary or semi-stationary fashion. This means that terminals are surrounded by few neighbour cells most of the time.

Having this on mind, we could expect significant saving in the UE power consumption in several network scenarios as the examples shown below:

Example1: Ping-pong problems

A user located in the overlapping area between two cells. In this case, in a UTRAN like procedure in idle mode, SU-1 has to be read for each time the UE change of cell. Instead, if SU-1 is read for both cells and stored in the terminal’s memory, terminal will only need to read the SU-1 information only twice, once for each cell, and then reuse the same information for the next reselections. 

Example2: Indoor mobility
A user which mobility is restricted to an indoor area during a certain time (e.g. home, commercial centre, office building) moves across different cells, e.g. 4 cells. Considering the mobility and ping-pong effects it is not difficult to find cases in which the terminal should reselect 60 times per hour. Under the simple assumption, this would mean reading the SU-1 information 60 times in one hour. Instead, if SU-1 is read only one time for each cell and then stored in the UE’s memory, the terminal would only need to read 4 times the SU-1 during the same hour.

In high mobility scenarios, the gain of reading the SU-1 from neighbour cells compared to UTRAN like procedures may be in some cases negative. However taking into account the main mobility behaviours (semi-stationary/indoors) we can expect a positive gain in the overall performance.
3. Conclusions
In this contribution we described an operator configurable procedure to make possible the reading of SU-1 information from neighbour cells while keeping the UE power consumption in optimum levels. As the availability of SU-1 from neighbour cells has many advantages for the mobility purposes in E-UTRAN, we propose this operator configurable procedure to be included in its corresponding section in TS 36.300. The scope of this approach is yet to be agreed as this procedure can be extended in theory to other scheduling units and at least in some cases to inter-frequency and inter-RAT cells as well.
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