TSG-RAN WG1 #43
　　　　　　　　　　　　　　　　          R1-051309
Seoul, Korea, November 7-11, 2005
Source: 

Ericsson, Fujitsu, Mitsubishi Electric Corporation, NEC, 


NTT DoCoMo, Panasonic, SHARP, Toshiba Corporation
Title:
UE Capability on Supportable Bandwidths
Agenda Item:

8.2

Document for:
Discussion and Decision
1. Introduction
The support for a scalable bandwidth is adopted in the Evolved UTRA (E-UTRA) [1] in order to accommodate spectrum allocations ranging from 1.25 to 20 MHz.  However, the UE capability in terms of supported bandwidths has not been thoroughly discussed although it is very important since it influences not only the UE implementation complexity, but also imposes restrictions on physical-channel structures such as synchronization signals (“SCH”) and broadcast-control signaling (“BCH”). This paper discusses this topic and presents the merits and demerits of different UE capability alternatives in terms of supported bandwidths. 

2. UE Capability for Supported Bandwidths in Downlink
The following three alternatives are considered for UE capabilities in terms of the supported downlink bandwidth. Transmission bandwidth or transmission methods of all downlink physical channels are influenced by the UE capability for supported bandwidths. However, frequency domain channel dependent scheduling with much narrower chunk bandwidth than 1.25 MHz is applied to shared data channel in the downlink. Therefore, achievable user throughput of shared data channel is not restricted by the difference of UE capability definition for supported bandwidth. Similarly, L1/L2 control signaling channel is affected to a small extent by the UE capability for supported bandwidths in the downlink. On the other hand, the transmission methods of the SCH and BCH are influenced to large extent by the UE capability. Therefore, we consider the influence of UE capability for supported bandwidths on transmission methods of the SCH and BCH in the downlink in the following discussion.
· 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 SCH and BCH transmission bandwidth. Since this alternative allows for the UE capability of 1.25-MHz maximum-reception bandwidth, the SCH and BCH must be transmitted employing a 1.25-MHz bandwidth regardless of the system bandwidth. The transmission bandwidth of other channels depends on the given system bandwidth and the UE capability.
Table 1(a)
	System Bandwidth
	SCH and BCH Bandwidth

	1.25 MHz
	1.25 MHz

	2.5 MHz
	1.25 MHz

	5 MHz
	1.25 MHz

	10 MHz
	1.25 MHz

	20 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 SCH and BCH can be transmitted using a 5-MHz bandwidth when the system bandwidth is 5 MHz or wider. The transmission bandwidth of the SCH is not necessarily the same as that of BCH, i.e., the BCH can be transmitted using different transmission bandwidth. In the table below, we list examples when the transmission bandwidth of the SCH is identical to that of the BCH. Furthermore, in the table, an example such that the SCH and BCH are transmitted using a 5-MHz bandwidth is shown when the given system bandwidth is 5 MHz or wider. However, the SCH and BCH can be transmitted using a 1.25-MHz bandwidth even for a given system bandwidth of 5 MHz or wider. 
Table 1(b)

	System Bandwidth
	SCH and BCH Bandwidth

	1.25 MHz
	1.25 MHz

	2.5 MHz
	1.25 or 2.5 MHz

	5 MHz
	5 MHz

	10 MHz
	5 MHz

	20 MHz
	5 MHz


· Alternative 3: This alternative implies that all UEs have the capability to receive at least a 10-MHz (or 20 MHz) transmission bandwidth as indicated in Table 1(c). Furthermore, in the table below, examples such that the SCH and BCH are transmitted using a 5-MHz or 10 (20)-MHz bandwidth are shown when the given system bandwidth is 5 MHz or wider. However, the SCH and BCH can be transmitted using a narrow transmission bandwidth such as 1.25 MHz even for a given system bandwidth of 5 MHz or wider.
Table 1(c)

	System Bandwidth
	SCH and BCH Bandwidth

	1.25 MHz
	1.25 MHz

	2.5 MHz
	1.25 or 2.5 MHz

	5 MHz
	5 MHz

	10 MHz
	10 MHz

	20 MHz
	10 (or 20) MHz


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

· Alternative 1

· Merits:

· The minimum number of options for the downlink common channel transmission: The SCH and BCH 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.
· Simple implementation of the dual mode UE: No modification for RF receiver implementation is necessary in principle to demodulate and decode downlink common channels in E-UTRA because the dual mode UE with UMTS has the capability to receive 5-MHz downlink physical channels.
· Demerits:
· Smaller frequency diversity effect: Since the downlink SCH and BCH 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 downlink SCH and BCH 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.   

· Simple implementation of the dual mode UE: No modification for RF receiver implementation is necessary in principle to demodulate and decode downlink common channels in E-UTRA because the dual mode UE with UMTS has the capability to receive 5-MHz downlink physical channels (the same as for Alternative 1).
· Demerits:
· Possibility of multiple options for the downlink SCH and BCH transmissions: The downlink SCH and BCH are transmitted using a 1.25 or 5-MHz transmission bandwidth when the operator has a given spectrum of 1.25 or 5 MHz in order to obtain the maximum frequency diversity according to the given system bandwidth. Therefore, two or three types of transmissions for the downlink SCH and BCH are to be specified. Accordingly, a UE must also detect the transmission bandwidth before demodulating and decoding the SCH and BCH. Note that even in this alternative, there are no additional options when the SCH and BCH are transmitted using a 1.25-MHz bandwidth at the sacrifice of decreasing frequency diversity effect. Thus, the transmission bandwidths of the SCH and BCH are FFS.    

· Alternative 3

· Merits:

· Even higher frequency diversity effect: The downlink SCH and BCH can be transmitted using a 10 (or 20)-MHz transmission bandwidth using localized or/and distributed FDMA. Thus, even higher frequency diversity effect is gained, leading to high-quality reception for these channels.  

· Demerits:
· Possibility of multiple options for the downlink SCH and BCH transmissions: The downlink SCH and BCH are transmitted using a 1.25, 5, or 10 (or 20)-MHz transmission bandwidth when the operator has a given spectrum of 1.25, 5, or 10 (or 20) MHz in order to obtain the maximum frequency diversity according to the given system bandwidth. Therefore, multiple types of transmissions for the downlink SCH and BCH are to be specified. Accordingly, a UE must also detect the transmission bandwidth before demodulating and decoding the SCH and BCH. Furthermore, note that similar to Alternative 2, even in the alternative, there are no additional options when the SCH and BCH are transmitted using a 1.25 MHz bandwidth at the sacrifice of decreasing frequency diversity effect. Thus, the transmission bandwidths of the SCH and BCH are FFS.    
· New RF receiver circuitry implementation: The RF receiver circuitry of UMTS cannot be used in the dual mode UE to receive 10 (or 20)-MHz downlink common channels.       

3. UE Capability for Supported Bandwidths in Uplink
The following three alternatives are considered for UE capabilities in terms of the supported uplink bandwidth.  

· Alternative 1: This alternative implies the full range of UE capabilities in terms of the maximum-transmission-bandwidth from 1.25 to 20 MHz. In this case, various types of UE with different transmission-bandwidth capabilities may coexist in a cell with a given system bandwidth. Table 2(a) indicates the system bandwidth, i.e., given spectrum, and the corresponding maximum transmission bandwidth of the uplink physical channels.
Table 2(a) 

	System Bandwidth
	Maximum Transmission Bandwidth of Physical Channels

	1.25 MHz
	1.25 MHz

	2.5 MHz
	1.25, 2.5 MHz

	5 MHz
	1.25, 2.5, 5 MHz

	10 MHz
	1.25, 2.5, 5, 10 MHz

	20 MHz
	1.25, 2.5, 5, 10, 20 MHz


· Alternative 2: This alternative enables all UEs to have the capability to transmit at least a 5-MHz bandwidth as indicated in Table 2(b).
Table 2(b) 

	System Bandwidth
	Maximum Transmission Bandwidth of Physical Channels

	1.25 MHz
	1.25 MHz

	2.5 MHz
	1.25 or 2.5 MHz

	5 MHz
	5 MHz

	10 MHz
	5, 10 MHz

	20 MHz
	5, 10, 20 MHz


· Alternative 3: This alternative enables all UEs to have the capability to transmit at least a 10-MHz bandwidth as indicated in Table 2(c).
Table 2(c) 

	System Bandwidth
	Maximum Transmission Bandwidth of Physical Channels

	1.25 MHz
	1.25 MHz

	2.5 MHz
	1.25 or 2.5 MHz

	5 MHz
	5 MHz

	10 MHz
	10 MHz

	20 MHz
	10, 20 MHz


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

· Alternative 1

· Merits:

· Accommodation of low end UE supporting only narrow bandwidth: We accommodate low end UE supporting only e.g., a 1.25-MHz transmission bandwidth. Thus, since the functionality of the UE is simpler than the UE supporting a wide transmission bandwidth, this brings about implementation of inexpensive UE.
· Demerits:
· Reducing sector throughput: UEs supporting only a narrow transmission bandwidth such as 1.25 or 2.5 MHz are accommodated. Frequency domain channel-dependent scheduling is not applied to the UE with such a narrow-transmission-bandwidth in general. Thus, due to the decreasing multiuser diversity gain, the achievable sector throughput is decreased. If frequency hopping of a 1.25-MHz bandwidth pilot channel is applied, frequency domain channel-dependent scheduling is possible, since CQI measurement over a bandwidth wider than 1.25 MHz is achieved. However, the round trip delay in the time domain becomes long, bringing about a reduction in the multiuser diversity gain.

· Alternative 2

· Merits:

· High sector throughput: All UEs can transmit all physical channels using at least a 5-MHz transmission bandwidth. Thus, frequency domain channel-dependent scheduling can be applied. Accordingly, the achievable sector throughput is increased owing to the increasing multiuser diversity effect in the frequency domain.
· Alternative 3

· Merits:

· High sector throughput: All UEs can transmit all physical channels using at least a 10-MHz transmission bandwidth. Thus, frequency domain channel-dependent scheduling is applied. Accordingly, the achievable sector throughput is increased owing to the increasing multiuser diversity effect in the frequency domain. 

· Demerits:
· New implementation of wide-bandwidth RF transmitter: A new implementation of wide-bandwidth RF transmitter circuitry is necessary such as RF and IF filters etc. 

When the minimum supported reception and transmission bandwidth of UE is too narrow, the system performance may be degraded. Therefore, we consider that the Alternatives 2 or 3 in the UE receiver and Alternative 2 in the UE transmitter capabilities are the most promising for optimization on system performance.

4. Conclusion

This paper discussed the UE capability for supported bandwidths and presented the merits and demerits of different UE capability alternatives in terms of the supported bandwidths in E-UTRA. When the minimum supported reception and transmission bandwidth of UE is too narrow, the system performance may be degraded. Therefore, we consider that the Alternatives 2 or 3 in the UE receiver and Alternative 2 in the UE transmitter capabilities are the most promising for optimization on system performance.
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