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1. Introduction
The support for a scalable bandwidth is adopted in E-UTRA [1] in order to accommodate spectrum allocations ranging from 1.25 to 20 MHz. We presented a discussion paper pertaining to the UE capability in terms of the supported minimum maximum-reception bandwidth because it influences not only the UE implementation complexity, but also imposes restrictions on the physical-channel structures such as the broadcast channel (“BCH”), paging channel (“PCH”), and L1/L2 control channel [2]. This paper presents UE capabilities in terms of the supported minimum maximum-reception bandwidth, antenna diversity reception, transmit diversity, and multimedia broadcast multicast service (MBMS) provisioning in the E-UTRA downlink.

2. UE Capability for Supported Bandwidths in Downlink
The following three alternatives are considered for UE capabilities in terms of the supported downlink bandwidth. The transmission bandwidth or transmission methods of all downlink physical channels are influenced by the UE capability for the supported bandwidths. Here, we consider the influence of UE capability on the downlink physical channels.

· Shared data channel: frequency domain channel dependent scheduling with a much narrower chunk bandwidth than 1.25 MHz is applied to the shared data channel. Therefore, the achievable user throughput of the shared data channel may not be restricted by the difference in the definition of the UE capability for the supported bandwidths. 
· Synchronization channel (SCH): we proposed a 1.25-MHz transmission bandwidth for the SCH regardless of the transmission bandwidth [3], prioritizing simple channel structure. In this case, we expect the time diversity effect using multiple SCH symbols instead of the frequency diversity effect.
· BCH, PCH, and L1/L2 control channel: the transmission methods for control channels such as the BCH, PCH and L1/L2 control channel are influenced to a large extent by the UE capability. 
Therefore, we consider the influence of the UE capability for the supported bandwidths on the transmission methods focusing on the BCH, PCH, and L1/L2 control channel in the downlink. 
· Alternative 1: This alternative implies a full range of UE capabilities in terms of the maximum-reception bandwidth from 1.25 to 20 MHz. In Table 1(a), we illustrate the system bandwidth of a cell (here, the system bandwidth is the given spectrum of the cell) and the corresponding BCH and PCH transmission bandwidths. Since this alternative allows for the UE capability of a 1.25-MHz minimum maximum-reception bandwidth, the BCH and PCH must be transmitted employing a 1.25-MHz bandwidth regardless of the system bandwidth. Moreover, transmission bandwidth per block of L1/L2 control channel is also 1.25 MHz assuming the L1/L2 control channel transmission scheme in [4].
Table 1(a)

	System bandwidth
	BCH and PCH bandwidths
	L1/L2 channel bandwidth per block

	1.25 MHz
	1.25 MHz
	1.25 MHz

	2.5 MHz
	1.25 MHz
	1.25 MHz

	5 MHz
	1.25 MHz
	1.25 MHz

	10 MHz
	1.25 MHz
	1.25 MHz

	20 MHz
	1.25 MHz
	1.25 MHz


· Alternative 2:  This alternative implies that all UEs have the capability to receive at least a 5-MHz bandwidth as indicated in Table 1(b). Thus, in this case, the BCH and PCH can be transmitted using a 5-MHz bandwidth when the system bandwidth is 5 MHz or wider. In the table, an example such that the BCH and PCH are transmitted using a 5-MHz bandwidth is shown when the given system bandwidth is 5 MHz or wider. However, the BCH and PCH can be transmitted using a 1.25-MHz bandwidth even for a given system bandwidth of 5 MHz or wider for other reasons. It should be noted that the transmission bandwidth of the BCH is not necessarily the same as that of the PCH. Similar to the BCH and PCH, the transmission bandwidth per block of the L1/L2 control channel can be 5 MHz, when the system bandwidth is 5 MHz or wider.
Table 1(b)

	System bandwidth
	BCH and PCH bandwidths
	L1/L2 channel bandwidth per block

	1.25 MHz
	1.25 MHz
	1.25 MHz

	2.5 MHz
	1.25 or 2.5 MHz
	1.25 or 2.5 MHz

	5 MHz
	5 MHz
	5 MHz

	10 MHz
	5 MHz
	5 MHz

	20 MHz
	5 MHz
	5 MHz


· Alternative 3: This alternative implies that all UEs have the capability to receive at least a 10-MHz  bandwidth as indicated in Table 1(c). Furthermore, in the table below, examples such that the BCH and PCH are transmitted using a 5-MHz or 10-MHz bandwidth are shown when the given system bandwidth is 5 MHz or wider. However, the BCH and PCH can be transmitted using a narrow transmission bandwidth such as 1.25 MHz even for a given system bandwidth of 5 MHz or wider. Similar to Alternative 2, the transmission bandwidth of the BCH and PCH can be different. Similar to the BCH and PCH, the transmission bandwidth per block of the L1/L2 control channel can be 10 MHz, when the system bandwidth is 10 MHz or wider.
Table 1(c)

	System bandwidth
	BCH and PCH bandwidths
	L1/L2 channel bandwidth per block

	1.25 MHz
	1.25 MHz
	1.25 MHz

	2.5 MHz
	1.25 or 2.5 MHz
	1.25 or 2.5 MHz

	5 MHz
	5 MHz
	5 MHz

	10 MHz
	10 MHz
	10 MHz

	20 MHz
	10 (20) MHz
	10 (20) MHz


The merits and demerits of the different alternatives are as follows.

· Alternative 1

· Merits:

· Minimum number of options for the downlink common channel transmission: The BCH and PCH are always transmitted with the minimum transmission bandwidth, i.e., 1.25 MHz, regardless of the given system bandwidth. Thus, demodulation and decoding operations at the UE become simple.

· Accommodation of low grade UE terminal: Low grade UE terminals with a low price can be accommodated.

· Demerits:

· Smaller frequency diversity effect: Since the downlink BCH and PCH are transmitted using a 1.25-MHz transmission bandwidth, a smaller frequency diversity gain is obtained than in a case with a wider transmission bandwidth such as 5 MHz.

· Alternative 2

· Merits:

· Higher frequency diversity effect: The BCH and PCH can be transmitted using a 5-MHz transmission bandwidth (assuming a system bandwidth of 5 MHz or wider) using localized or/and distributed FDMA. Thus, a larger frequency diversity effect may be gained, leading to higher-quality reception for these channels.   

· Demerits:

· Possibility of multiple options for the BCH and PCH transmissions: When the assigned system bandwidth is equal or wider than 5 MHz, a large frequency diversity effect is gained by transmitting the BCH and PCH with a 5-MHz bandwidth. However, when the system bandwidth is narrower than 5 MHz, these channels are to be transmitted by 1.25 MHz. Accordingly, the UE must also detect the transmission bandwidth before demodulating and decoding the BCH or/and PCH. Note that even in this alternative, there are no additional options when the BCH and PCH are transmitted using a 1.25-MHz bandwidth at the sacrifice of decreasing the frequency diversity effect. Thus, the transmission bandwidths of the BCH and PCH are FFS.    

· Alternative 3

· Merits:

· Even higher frequency diversity effect: The BCH and PCH can be transmitted using a 10-MHz transmission bandwidth using localized or/and distributed FDMA. Thus, an even higher frequency diversity effect is gained, leading to high-quality reception for these channels.  

· Demerits:

· Possibility of multiple options for the BCH and PCH transmissions: When assigned system bandwidth is equal or wider than 5 MHz, a large frequency diversity effect is gained by transmitting the BCH and PCH with a 5-MHz or wider bandwidth. However, when the system bandwidth is narrower than 5 MHz, these channels are to be transmitted by 1.25 MHz. Accordingly, the UE must also detect the transmission bandwidth before demodulating and decoding the BCH and PCH. Note that even in this alternative, there are no additional options when the BCH and PCH are transmitted using a 1.25-MHz bandwidth at the sacrifice of decreasing the frequency diversity effect. Thus, the transmission bandwidths of the BCH and PCH are FFS.        

· New RF receiver circuitry implementation: The RF receiver circuitry of UMTS cannot be used in a dual mode UE to receive 10-MHz downlink common channels.     
We consider that the minimum maximum-reception bandwidth of 5 MHz is sufficient from the viewpoints of the BCH and PCH transmissions. However, the minimum maximum-reception bandwidth of 10 MHz may provide a benefit such that the L1/L2 control channel structure is simplified (and as a result, shared data channel structure can be also simplified), because the transmission bandwidth per block becomes wider. Therefore, we recommend Alternative 3: minimum maximum-reception bandwidth of 10 MHz for all UEs (minimum maximum-reception bandwidth of 5 MHz is an alternative candidate).
3. Space Diversity 

3.1. Antenna diversity reception at UE

Existing and legacy cellular systems demonstrated that antenna diversity reception at the UE is very beneficial in improving the quality and capacity in the downlink regardless of the radio access scheme, and this scheme was approved as a working assumption in the E-UTRA downlink [1]. The gain of at least 3 dB in the received signal power can certainly be obtained by two-branch antenna diversity reception. Meanwhile, frequency and time diversity effects depend on the propagation channel conditions, the mobility of the UE, etc. Accordingly, we propose mandatory use of two-branch antenna diversity reception at the UE. Four-branch antenna diversity reception should be considered as optional usage particularly in 4-by-4 MIMO multiplexing.

3.2. Transmit diversity support

Transmit diversity is also beneficial in improving the quality and achievable data rate in the downlink without increasing the number of UE antennas. It is considered that two-branch antenna diversity reception is used in the E-UTRA Node B. Thus, we propose mandatory implementation of a coding function for transmit diversity transmission for common channels such as the SCH, BCH, and PCH at the Node B. Among the transmit diversity methods, no change in the decoding functions at the UE is necessary when delay diversity and time switched transmit diversity (TSTD) are applied. However, a specific decoding function is necessary when space time block coding (STBC) is applied. The optimum transmit diversity scheme should be decided based on the achievable performance.   

4. MBMS Service

MBMS is one of the promising services in E-UTRA. Our view is that MBMS provisioning with the transmission bandwidth, which is equal or narrower than the supportable minimum maximum-reception bandwidth, should be mandatory for all types of UEs. Furthermore, MBMS service provisioning with a wider transmission bandwidth than the supportable UE capability is an option.


To achieve this, specific changes in demodulation and decoding may not be necessary. Functions such as changing the scrambling codes of the pilot channel (reference signal) and coded data symbols and decoding the L3 MBMS-specific control signaling may be necessary.

5. Conclusion

This paper presented UE capabilities focusing on the supported minimum maximum-reception bandwidth, antenna diversity reception, transmit diversity and MBMS in the E-UTRA downlink. Our preferences are as follows.
· The minimum maximum-reception bandwidth of 10 MHz for all UEs (minimum maximum-reception bandwidth of 5 MHz is an alternative candidate)

· Mandatory use of two-branch antenna diversity reception at the UE

· Mandatory implementation of a decoding function for transmit diversity transmission for common channels such as the SCH, BCH, and PCH at the UE
· MBMS provisioning with the transmission bandwidth, which is equal to or narrower than the supportable minimum maximum-reception bandwidth, should be mandatory for all types of UEs.
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