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1. Introduction

In this contribution, we take a look at the potential reasons for UEs in RRC_IDLE and RRC_CONNECTED to read system information from the broadcast channel (BCH) of both the serving cell and neighbouring cells. 

2. Reception of BCH in RRC_IDLE and RRC_CONNECTED
We discuss the following four scenarios in this section:

A. UEs in RRC_IDLE reading system information from serving cell BCH

B. UEs in RRC_IDLE reading system information from neighbouring cell BCH

C. UEs in RRC_CONNECTED reading system information from serving cell BCH

D. UEs in RRC_CONNECTED reading system information from neighbouring cell BCH

In the discussion special consideration is given to the case of a 10 MHz capable UE operating in a cell with a 20 MHz bandwidth and when MBMS is transmitted.

2.1 RRC_IDLE UEs reading serving cell BCH

A UE in RRC_IDLE will typically acquire the majority of system information from a cell before it camps on the cell and starts to receive paging. However, the UE must also be able to acquire any further system information or re-acquire changed system information without the need to interrupt reception of paging. Therefore UEs in RRC_IDLE must be able to receive system information from BCH of the serving cell in parallel with PCH.
RAN1 has agreed that the transmission of BCH will be in the central part of the spectrum. In the case of a 10 MHz capable UE camped on a 20 MHz cell then the UE will receive the central part of the cell's transmission bandwidth and so as long as PCH and BCH channels are broadcast within this region there should be no problem for the UE to receive these in parallel.
It should be noted that the RAN1 discussion has focussed on the BCH information that is required as part of the cell search procedure. Hence it is not clear whether the RAN1 decision to transmit BCH in the central part of the spectrum also applies to other system information. In any case as long as the PCH and BCH are broadcast in the same 10 MHz then there should be no problem for the UE to receive these in parallel,
A UE in RRC_IDLE may also be receiving an MBMS session on MTCH or monitoring the MCCH in order to be notified about the start of new MBMS sessions. The UE must be able to do this without having to interrupt normal idle mode procedures of paging reception and system information (re-)acquisition. 

In the case of MBMS transmission in a 20 MHz cell it is yet to be decided where in the cell's transmission bandwidth the MCCH and MTCH will be positioned. If the MCCH and MTCH are transmitted in the central portion of the cell's transmission bandwidth then there is clearly no problem with simultaneous reception of system information and paging. However, if they are transmitted in the upper or lower portion of the cell's transmission bandwidth then there could be a conflict with paging and system information reception.

This conflict could be avoided by careful design and using TDM scheduling for transmission of BCH, PCH, MCCH, MTCH. For example, if MTCH/MCCH is transmitted in a multicast specific subframe then it should not be a problem for the UE to receive either the upper or lower portion of the bandwidth during this subframe, and then receive the central portion in another subframe for reception of BCCH/PCCH (although the time taken by the UE to switch the receive portion needs to be considered). 
Another approach to resolving the conflict is to duplicate the control channel information (BCCH/PCCH) in both the upper and lower portions of the 20MHz transmission (as has been proposed in [2]). .Although this approach provides a simple solution to the problem it is acknowledged that it increases the overhead.
2.2 RRC_IDLE UEs reading neighbouring cell BCH

In the case of an intra-layer neighbour cell (i.e. same centre frequency and same bandwidth), a UE in RRC_IDLE should be able to read the system information from the neighbouring cell BCH without interruption to paging reception in the serving cell. After the UE has determined that a cell reselection is required, the UE can acquire system information of the target cell prior to stopping paging reception on the source cell thus avoiding loss of paging messages. It is important to minimise the loss of paging for the intra-layer reselections which will be the most common type of reselection.
In the case of inter-layer neighbour cells, it may not be necessary for UEs to acquire system information from the neighbouring cell BCH without interruption to paging reception as some loss of paging message should be acceptable for less frequent inter-layer reselections.
The time domain structure of the BCH and the DRX cycle mean that in many cases it should be possible to acquire neighbouring cell system information without any interruption to paging reception, even for inter-layer neighbouring cells. However, depending on the final design of system information transmission on BCH and DRX behaviour and the relative timing of the neighbouring cells in the case of asynchronous operation, there might be cases where the UE can not acquire all system information without interruption to paging.
For the case of a 10 MHz capable UE operating in a 20 MHz cell, similar considerations to those discussed in section 2.1 apply, and so this should introduce any extra problem for the UE receiving the neighbouring cell BCH.
For a UE in RRC_IDLE receiving an MBMS session on MTCH or monitoring the MCCH in order to be notified about the start of new MBMS sessions, similar problems exist to those discussed in section 2.1. However, the problem is made worse if the serving and neighbouring cell are not time synchronised as it makes it more difficult to use the TDM transmissions to resolve any conflict.
2.3 RRC_CONNECTED UEs reading serving cell BCH
It is possible that some reduction in dedicated signalling could be achieved if a UE in RRC_CONNECTED can re-use some of the system information that is sent on BCH for RRC_IDLE UEs. Possible examples of this are:

i. Intra and inter-RAT neighbour lists - after handover to a new cell the UE could acquire a new neighbour list from BCH instead of the list being provided by dedicated signalling. However, it is likely that the network will want to provide a UE specific neighbour list depending on the RRM strategy (for, example, for load balancing reasons the network may want the UE to measure on and handover to one specific frequency layer or RAT). Hence, such an optimisation may not provide much reduction in signalling. 
ii. It may be beneficial for the UE to receive information such as tracking area ID, unique cell ID, etc. from the serving cell after it has just performed a handover to the cell. Whether such information is needed and how it is used is obviously not yet finalised. However, this sort of information is quite small and so the overhead of providing it via a dedicated message should not be a major concern.
The above examples of possible signalling optimisations are not considered sufficient to justify requiring UEs in RRC_CONNECTED to read system information from the serving cell BCH for purpose of receiving unicast services.

For a UE in RRC_CONNECTED receiving an MBMS services on MTCH or monitoring the MCCH in order to be notified about the start of a new MBMS sessions, it is assumed that the UE will first have to acquire system information from the BCH about the location of the MCCH/MTCH. This implies that an MBMS capable UE will need to acquire some limited system information from the serving cell BCH.
In the case of a cell with transmission bandwidth of 10MHz or less there should be no problem for an RRC_CONNECTED UE to read the serving cell BCH. However, in the case of a 10 MHz capable UE on a 20 MHz cell then the UE will be placed in either the upper or lower part of the 20 MHz bandwidth and so there would be a problem for the UE reading the BCH which is located in the central part of the 20 MHz transmission. A potential solution to this problem is to duplicate a limited amount of essential system information in both the upper and lower part of the spectrum.
2.4 RRC_CONNECTED UEs reading neighbouring cell BCH

UEs need to be able to synchronise to and identify intra-layer neighbour cells without the need to interrupt activity on the serving cell. Synchronisation is achieved through the SCH but it is not yet clear from RAN1 whether cell identification is achieved through the BCH or the SCH. If RAN1 conclude that identification is achieved through the BCH then it is clear that BCH will have to be read by UEs in RRC_CONNECTED. However the cell identification information is very minimal information which can be considered as a special case and does not necessarily imply that the UE has to be able to acquire a full set of system information from the neighbour cell. This is comparable to UTRA where the UE acquires a SFN from the BCH of an intra-frequency neighbour but it does not need to acquire a full set of system information.

For inter-layer neighbour cells, cell synchronisation and identification is performed using measurement gaps and so it is clear in this case it will not be possible for UEs to acquire a full set of system information from the neighbouring cell.

Beyond the special case mentioned above, no reason has been identified why a UE in RRC_CONNECTED should need to acquire any system information from the neighbouring cell BCH for unicast services.
For reception MBMS services in RRC_CONNECTED, it should be sufficient for a UE to read the BCH of the serving cell after handover to a new cell in order to determine the location of MCCH/MTCH. No need has been identified for the UE to acquire this information prior to the handover.

4. Conclusion
Based on current assumptions and understanding the following conclusions are drawn from the above discussion:
1. UEs in RRC_IDLE must be able to receive system information from the BCH of the serving cell without interruption of paging reception. This also applies to UE receiving or interested in receiving MBMS services. For a 10 MHz UE operating in a 20 MHz cell this requirement could be met by careful design of the time domain structure of BCH, PCH, MCCH and MTCH. 
2. UEs in RRC_IDLE must be able to receive system information from the BCH of an intra-layer neighbour cell without interruption of reception of paging. This also applies to UE receiving or interested in receiving MBMS services. For a 10 MHz UE operating in a 20 MHz cell this requirement could be met by careful design of the time domain structure of BCH, PCH, MCCH and MTCH although there might be some cases where this is not possible.
3. UEs in RRC_IDLE are not required to be able to receive information from the BCH of an inter-layer or inter-RAT neighbour cell without interruption of reception of paging.

4. UEs in RRC_CONNECTED are not required to receive system information from BCH of the serving cell for the purpose of unicast services. For MBMS services the UE must be able to read limited information (identifying the location of MCCH) from the system information of the serving cell. For a 10 MHz UE operating in a 20 MHz cell this requirement could be met by duplicating a limited amount of essential system information in both the upper and lower part of the spectrum.

5. UEs in RRC_CONNECTED are not required to receive system information from BCH of neighbour cells based on the current status of protocol and procedure definition.
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