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1. Introduction

The discussion in RAN2 on the static and flexible parts of BCH is captured in [1]. It also provides an overview of the IEs that will be transmitted in BCH. This contribution supplements that document by identifying a few fields that we propose to be included in the flexible part of BCH. The proposed fields are based on the progress in Ran 1 and 2 in selected areas.
2. Proposed parameters in BCH
2.1 Number of Antennas for MIMO

Encoding the number of eNB  antennas in the secondary SCH (S-SCH) allows the BCH to obtain full transmit diversity gain by using open-loop transmit diversity [2]. Since BCH operates at a low block error rate, transmit diversity is highly beneficial. By knowing the number of eNB antennas, the UE knows the designated transmit diversity scheme and thus demodulate the BCH accordingly. This is because the selected transmit diversity schemes may be different for different number of eNB antennas.

If the number of eNB antennas is already included in the S-SCH, including it in the BCH is optional.
Proposals:

1. Number of Node B antennas field in S-SCH
2. Number of Node B antennas field is optional in BCH
2.2 NSRA and UL synchronization related parameters

A number of parameters related to non-synchronized RACH (NSRA) to be included in BCH are identified in [1].  These include the time-frequency scheduling information for the RACH, the RACH sequences, access class restrictions, persistence values, retransmission and timeout parameters, as well as power control parameters. We propose to supplement the list by presenting the following fields related to NSRA to be included in the BCH.
· Cyclic shift increment to be used to generate the ZCZ sequences [3] .
· Zadoff-Chu sequence indices to be used to generate the mother sequence(s) [4] .
· Preamble SINR target: This is the expected received power level at the eNB for the RACH preamble. A UE has to adjust its preamble transmission power level so that the received power level is this target level.
· Subset mapping of sequences to information: RAN1 has identified that 64 preamble sequences are available for NSRA in each cell [3]. In [4] and [5], we have motivated the idea of access type/cause and other fields such as CQI/pathloss in the first transmission of the NSRA process. In order to have variable length fields, we propose to divide the available 64 sequences into variable size subsets based on each access type. For example, a handover access type subset may have a larger number of sequences compared to the access type for initial accession to the LTE_ACTIVE state. In order that the UEs know which sequences belong to which subsets, we propose that sequences be identified by indices from 0 to 63, and the beginning and ending index of the subset be identified in the BCH. This allows the eNB the flexibility to vary the sizes of subsets over time, depending on network/provisioning circumstances.
Thus, we propose that an ordered list of all subsets be indexed from 0 to n-1 (assuming the total number of subsets to be n). We propose that BCH carry a sequence of (n-1) indices of the sequences that define the beginning indices of sets 1 to (n-1). Subset 0 begins at 0 by default. For example, if there are 5 subsets, with the beginning and ending sequence indices of (0,16), (17, 40), (41,52), (53,60), and (61,64), BCH carries the sequence of (17, 41, 53, 61). 

Timeouts related to UL synchronization maintenance
In [7], we have described 2 timeouts related to the UL synchronization maintenance procedure. They are described briefly below. We propose that these timeouts be carried in the flexible part of BCH.
In the absence of any UL transmissions by a UE, there is a maximum time after which the UE may be assumed to not be UL synchronized. This time depends on the maximum expected speed of travel of the UE. In [7], we have proposed that UEs without any time critical traffic let themselves go out of synchronization after this timeout if they do not transmit in the UL. Let us refer to this as timeout Ts.
Reference [7] proposes that UEs that have time critical traffic, but do not transmit for Ts time attempt to re-synchronize by initiating the NSRA procedure. Thus, they maintain their synchronization by initiating the NSRA every Ts time though they do not have any traffic to transmit. However, they should not keep attempting such NSRA access forever. This time after which such NSRA attempts are aborted and the UE goes into the non-synchronized state is the second timeout. Let us refer to it as the Tcs. Note that Tcs is larger than Ts by a few multiples of Ts.
2.3 Handover Measurements related parameters

The topic of handover for UEs in RRC connected state but in the MAC dormant state where they do not transmit for long durations has not been discussed in Ran2 till now. While we are not sure of the exact parameters that will be involved in the process, we would like to propose that some provisions should be taken for parameters allowing the eNodeB to monitor the UE measurements for handover purpose. Examples include measurement period, power thresholds that trigger the process etc. 

2.4 Power control parameters

In uplink communications, power control is essential to manage inter – or intra – cell interference. The classic power control method sets a common target signal – to – noise ratio (SNR) or signal – to – interference – plus – noise ratio (SINR) to all users. Setting a conservatively low target SNR/SINR usually results in system under – utilization and poor spectral efficiency, while setting an aggressively high SNR/SINR degrades cell edge throughput as cell edge users cannot overcome interference due to severe propagation loss  In [8], an uplink open loop power control based on signal strength measure from multiple cells is proposed. The key message in [8] is to let cell interior users transmit at higher power levels such that the system spectral efficiency is greatly improved (by more than 20% compared to the classic power control method as shown in [8]). The increment of cell interior users’ transmit power is also specifically controlled such that the interference in neighboring cells caused by cell interior users does not exceed a certain threshold, which guarantees cell edge user throughput.
In [9], a fractional power control algorithm (FPC) was proposed, which has been assumed as the baseline uplink power control method in RAN4 [10][11][12]. FPC also allows cell interior users to transmit at higher power levels to reach beyond the target SNR/SINR. Inter-cell interference, however, cannot be accurately managed by FPC as FPC only considers the propagation loss in the serving cell. In [13], the power control method proposed in [8] is combined with target SNR/SINR adaptation [14]. Simulation results in [13] show that the combined power control method simultaneously achieves 15 % gain in spectral efficiency, and 23% gain in cell edge spectral efficiency, when compared against the RAN4 baseline FPC.
While the details of the power control algorithm can be found in [8][12], in this paper, we highlight the principles of the algorithm and focus on the required fields in BCH for proper implementation of the power control algorithm in [8][12].
The proposed uplink open loop power control in [8][12] requires

· Each UE monitors the long – term fading values, denoted as Lserv, from its serving cell 

· Each UE monitors the long – term fading values, denoted as Ln, from its non-serving cell n.

· Each UE obtains the target SNR (or SINR), denoted as Tserv, from its serving cell. Tserv (in conjunction with Lserv and AWGN power or interference level in the serving cell) is commonly used by cell edge users to meet the target SNR/SINR in the serving cell.
· Each UE obtains the target ratio of out – of – cell interference compared to AWGN [or total interference], denoted as Xn, in non-serving cell n. Xn (in conjunction with Ln and AWGN power or interference level in the non-serving cell) is mainly utilized by cell interior users to determine the transmit power setting with proper inter-cell interference management. 
Notice that Lserv and Ln can be typically derived by the mobile, based on the measurement of the receive signal strength, and other broadcasted parameters (by the serving or non-serving cells). In this contribution, we propose to include the two power control thresholds, Tserv and Xn, as primary cell-specific fields in the BCH of every cell.

Proposal: We propose the following two fields be carried in the BCH of each cell

· Target SNR (or SINR) for its serving UEs.
· Maximum ratio of allowable out – of – cell interference (compared to AWGN or the total interference in the cell) caused by non-serving UEs,
3. Conclusion

In this contribution, we presented a list of parameters to be carried in the BCH related to the current technical progress in RAN1 and RAN2 in the following areas: Non-Synchronized RACH, UL synchronization, Handover, cell search, and power control. We propose that these fields be included in the current specification for BCH in LTE. 
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