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1. Introduction
One of important capabilities of a UE is whether it can receive (and decode) simultaneously from multiple cells. This capability is important for making measurements or reading selected data from neighboring cells while being fully connected to the primary cell. Given the complexities and cost of putting additional circuitry in a UE transceiver, having an additional RF or an additional baseband receiver is not efficient. After all, a majority of the time, these will not be used. Not having any additional circuitry other than that required for the primary cell reception is a possibility, but implies certain limitations in the protocol design. For example, in asynchronous networks, gaps in the connectivity in the primary cell would be required for any reception from neighboring cells. There are various reasons why a UE may want to receive from neighboring cells, while communicating with the primary cell. However, it is not envisioned that a UE needs to be able to receive the neighboring cell transmissions over the entire bandwidth with full reception capability as in the primary cell. For example only certain limited channels such as BCH may be required to be received from the neighboring cells. Including additional circuitry in the UE for such limited additional reception may not be as prohibitive as that for full duplicate reception. It is thus imperative for us to design the protocol such that the UE complexity is minimal for such neighbor reception without any gaps in the primary cell. 

In this contribution, we propose some structure to the various DL transmissions in the E-UTRA protocol, so that UEs connected to Intra-frequency neighboring cells can receive the relevant information without gaps in their primary cell, and with minimum additional complexity. The rest of this contribution is organized as follows. In section 2, we list different types of DL transmissions of interest to UEs connected in neighboring cells. Section 3 describes the proposed method to reduce decoding complexity of this information, and we conclude in section 4. 
2. DL information of interest to neighbors

A UE connected to a cell needs to make measurements about neighboring cells to aid in fast handovers (HO) and cell selection/re-selection [1] . The measurements made may be very basic such as received power levels, and may require reading the synchronization channel (SCH). Besides the power level measurements, specific system information such as system frame numbers (SFN) may be required to be read for HOs. Below, we list how reading some system information and RACH responses of a neighbor might be beneficial for a UE connected to a cell.
System information

A UE connected to a cell may receive some of the system parameters of neighboring cells from the current cell itself. However, any parameter that changes frequently so as to require regular monitoring is best read through the neighboring cell directly. Certain parameters/characteristics of cell change with a pre-known pattern. For example the SFN always increases sequentially with every sub-frame. However, in order to know the current or future values of such parameters, it is necessary for the UE to synchronize with a base value by reading directly from the cell. Another reason why reading system information from the neighboring cell directly may be recommended is because of potential overhead of reporting everything in the DL-SCH of the current cell. So overall, the main reasons to read a neighbor’s system information directly from it in its DL are:
1. The information changes very frequently

2. To synchronize with a “current” base value of a changing parameter

3. To save the overhead of individually transmitting system information to every UE
Given the above, some of the parameters that may be required to be read from the DL transmissions of system information are SFN, power control parameters, and RACH parameters. Some of these may be included in primary-BCCH (P-BCCH) and transmitted in the BCH. According to the latest discussions, at least a few of these parameters are expected to be transmitted in blocks in a dynamic-BCH (D-BCH) too [1] 
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[2] . The D-BCH is expected to be transmitted in scheduling units (SUs) with different frequencies. The most important parameters that, if read before disconnecting from the source cell and transmitted in D-BCH blocks, may help reduce latencies are the following:

1. Power control parameters in support of inter-cell power control:
a. UL interference (if not in the P-BCCH)

b. DL reference signal (RS) Tx power at the NodeB (necessary for e.g. pathloss estimation in [5] 
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[9] )
c. Load indicator [5] ?

d. Power (Target SINR) gap between serving and non-serving UEs [9] 
It should be noted that if the following parameters: UL interference, DL reference signal (RS) Tx power and Target SINR are not needed independently but only in the context of an open loop power control algorithm, then they can be more efficiently carried through a single parameter: the common power baseline defined as the sum of these parameters [9] . 

2. RACH parameters of neighboring cells are only needed in the context of a HO. It is assumed that the “static” parameters (Zadoff-Chu sequences, location of random access opportunities, low rate varying power control parameters, etc…) are forwarded to the UE by the serving cell along with the HO command (or HO indication in case of early RACH access [4] ). The only fast varying power control parameter the UE could need to read on the D-BCH is the UL interference, if not in the P-BCCH as the SFN.
We observe that the above parameters are likely to be transmitted with the highest frequency for any of the D-BCH blocks. These parameters can all be bunched together and transmitted in one SU with identical frequencies. Note that a D-BCCH block is transmitted in the DL-SCH.
RACH responses

Besides system information, it might be beneficial for a UE to be able to receive RACH responses of message 2 and message 4 [1] from neighboring cells while being connected to the source cell. This, for example, facilitates a UE to initiate a RACH access in a neighboring cell without any gaps in the DL reception in the source cell. A RACH access may be initiated for various causes such as receiving timing advance for initiating or maintaining UL synchronization. Reference [4] describes a method to reduce UL synchronization latencies during HO that involves a RACH access in a neighboring cell without disconnecting from the current one. A UE may or may not be required to initiate RACH accesses in a cell without disconnecting or gaps from the current cell. Regardless of this, the protocol may be designed such that it facilitates building a UE that can accomplish this without adversely affecting the protocol performance. Messages 2 and 4 in the DL RACH responses complete the contention based aspect of RACH, and are thus candidates for being read by UEs in neighboring cells before disconnecting from their serving cells.
3. Minimizing UE complexity for decoding relevant neighbor transmissions

In the previous section we discussed various different types of information that may be of interest to a UE in a neighboring cell. We observed that this information is likely to be contained in the SCH, BCH, or certain blocks in DL-SCH. In order to read these, the UE additionally needs to be able to read the L1-L2 control channel too. We propose the following formats and structure so that the reception of these while fully connected to another cell, entails minimal implementation overhead.
BCH and SCH
BCH and SCH are expected to be confined to a 1.25 MHz bandwidth [1] 
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[3] , and we do not propose any additional structure or restrictions. In order to receive these while being fully connected to another cell, a UE has to have additional baseband circuitry that supports the reception of at least a 1.25 MHz duplicate transmission within the same frequency band as the current cell frequency.
L1-L2 Control Channel
The L1-L2 control channel is of interest to us because it carries allocation for blocks on the DL-SCH. As discussed above, one block of D-BCCH, and RACH responses for message 2 and 4 are expected to be useful DL-SCH blocks for a UE in a neighboring cell to read. In order to be able to read the L1-L2 control channel for allocations for these block without added implementation overhead, it is recommended that the allocations are contained in subcarriers that do not span more than 1.25 Mhz. The L1-L2 control channel is expected to span the entire bandwidth of the cell, and within the first few OFDM symbols of the sub-frame. The allocations are also to be separately coded. While the control channel for a specific allocation may be contained in sub-carriers spanning less than 1.25 Mhz bandwidth, it may still be required to decode the entire bandwidth to look for the allocation. Thus, we recommend the following to aid in the limiting the decoding to 1.25MHz.
The L1-L2 control channel (or equivalently the allocation) for the first D-BCCH block should be in the first control channel in the overall L1-L2 control channel. The allocation for the RACH messages 2 and 4 should be the foremost possible in the L1-L2 control channel (first mostly except if an allocation for the first D-BCCH block is present in the same sub-frame in which case the D-BCCH block is the first allocation). Any other DL-SCH blocks that are considered to be read by UEs in neighboring cells are also allocated in the foremost possible L1-L2 control channels. Allocating in this manner restricts the look up and decoding requirement to find the allocation for DL-SCH blocks that carry the information. If a UE can decode upto 1.25MHz of bandwidth in a neighboring cell without gaps, then it can be designed to read the L1-L2 allocations as above.
DL-SCH blocks
As mentioned above, the first D-BCCH block of system information, and RACH responses of messages 2 and 4 are carried in DL-SCH, and may be of interest to UEs connected in neighboring cells. In the earlier sub-sections we proposed that the UE be capable of decoding upto 1.25MHz of continuous or dis-continuous sub-carriers in a neighboring cell in addition to the regular transceiver capability for a connection in a serving cell. In order that the UE is capable of reading the relevant DL-SCH blocks, we propose that these blocks be restricted to a bandwidth of 1.25 MHz.
Note that the restriction of 1.25 MHz is related to the already existing limit to the band spread of the BCH. It only applies to the bandwidth and does not raise any restriction on the center frequency of the allocation. We would like a UE with a minimum capability to decode the BCH in the neighboring cell to be able to decode ALL of the relevant information from the neighboring cell with minimal additional implementation overhead. The overhead here is in terms of the additional circuitry required in the UE. The above design facilitates such a capability.
4. Conclusion
In this contribution, we proposed that we design the E-UTRA protocol such that UEs connected in a cell can decode some of the transmissions from neighboring cells’ without gaps, and with minimum implementation complexity. We proposed that similar to synchronization channel and BCH which are limited to 1.25Mhz bandwidth, the first block in D-BCH, and RACH response messages 2 and 4 be transmitted in bandwidth limited regions. We also proposed to separately encode the allocations in the l1-l2 control channel for the first D-BCH block and the RACH responses. We propose to include the acceptable portions in the E-UTRA TS.
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