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1. Introduction

In RAN4#59, co-existence issue with Band 1 and Band 34 was raised and discussed again [1]. In this contribution, we propose that implementation of Band 1 duplexers having some Tx-Ant attenuation over the Band 34 frequency range is the best solution to achieve co-existence between Band 1 and Band 34.
2. Discussion

2.1. Brief review of the issue
When an LTE Band 1 terminal transmits small RBs, an inter-modulation product falls into Band 34, where this impact appears, in particular, with 1 RB transmission in the 20 MHz Channel Bandwidth at the upper side of Band 1 UL. In some cases such as maximum output power transmission with 1 RB, the inter-modulation product falling into Band 34 would be around -47 dBm/1MHz [1]. On the other hand, the requirement to protect Band 34 is -50 dBm/1 MHz. Thus, it was pointed out that some mitigation measures are required to solve this issue [1].
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2.2. Candidate solutions
The following bullets summarize some potential candidate solutions and their features are listed.
1. Introduction of A-MPR in Band 1 to protect Band 34
· An introduction of a new NS is required. 
· An unknown NS issue shall happen regardless of the introduction release.
· This solution is not acceptable to an operator which has already been providing LTE service in Band 1.
2. Protection limit is relaxed from -50 dBm/1MHz to X dBm/1MHz
· As a requirement in the specification, LTE Band 1 terminals shall always protect Band 34. This means if we changed this protection limit, national regulatory requirement in each country would be also required to change at the same time. 
· For example, if the regulatory requirement in one country would be relaxed, but if the regulatory requirement in another country would not be changed, i.e., -50dBm/1MHz, the LTE Band 1 terminals still always had to satisfy the latter requirement in the specification.
· Thus, this solution seems not to be a realistic one.
3. Introduction of power reduction as default under some conditions
· As a requirement in the specification, LTE Band 1 terminals shall always protect Band 34.
· Thus, we do not have to always utilize NS function in terms of the specification point of view.
· However, adding the power reduction method to specifications still increases UE complexity and test patterns.

· This solution seems more realistic than the solution 1. However, still it should be avoided as much as possible.

4. Rejection of the noise by Band 1 duplexer

· If a Band 1 duplexer rejects the noise due to inter-modulation product, this solution seems to be the most attractive solution, since it is a quite simple solution and nothing is to be changed except for Band 1 duplexer design.
· The point of this solution is whether a Band 1 duplexer can obtain the sufficient rejection over Band 34 with practical duplexer performances such as Tx IL and so on.
· If the above is technically feasible, we believe that this is the best solution.
2.3. Feasibility study of the Band 1 duplexer
This co-existence issue has been self-evident from the beginning of the introduction of LTE Band 1 specifications. Thus, in practice, some filter vendors have been already developing the duplexer to solve this issue. Some of the filter characteristics provided from five device vendors are summarized in Table 2.3-1. The detailed data provided from these five vendors are separately attached to ensure validation of this contribution.
Table 2.3-1.  Summary of the status duplexer development

	Companies
	Parameters
	Remarks

	
	Tx IL@1920-1980 MHz
	Tx-Ant@2010 MHz
	


	Avago Technologies, Inc
	1.9dB typ / 2.5dB max
(max@ -20 to 90°C) 
	52dB typ / 28dB min
(min@ -20 to 90°C)
	Tx IL:UMTS Tx channel in ACMD-7617 [2]. 
ACMD-7617 [2] is commercially available. 

	KYOCERA Corporation
	1.7dB typ / 2.1dB max
(max@ -30 to 85°C)
	46dB typ / 20dB min
(min@ -20 to 85°C)
	Mass production starts this Oct. 2011. 
 The values come from real devices measurement.
Tx IL@1920.48-1979.52MHz

	Murata Manufacturing Company, Ltd.
	1.5dB typ / 2.0dB max
(max@ -30 to 80°C)
	37dB typ / 9dB min
(min@ -30 to 80°C)
	Mass production starts October 2011.
The values come from real devices measurement.

	TAIYO YUDEN Mobile Technology Co., Ltd.
	1.7dB typ/2.0dB max 
(max@ -30 to 85°C)
	28dB typ / 7dB min
(min@ -30 to 85°C)
	Specification of insertion loss excludes loss that comes from the test board. (Approximately 0.15dB)
Tx IL@1920.48-1979.52MHz

	TDK-EPC Corporation
	1.7dB typ / 2.1dB max
(max@-30 to 85℃)
	20dB typ/ 15dB min
(min@ +10 to 85℃)
	The values come from simulation.


From the results, these duplexers will be able to have some attenuation over the Band 34 frequency range. It is noted that one of the duplexes is already commercially available. In addition, mass production of some duplexers will start this October. It should be also noted that quality of the products as a duplexer does not always depend on only the values in the above table. The details should be confirmed directly.
2.4. Proposal

From the results of Section 2.3, the development of the Band 1 duplexer to solve the co-existence issue between Band 1 and Band 34 has already started. In addition, the latest devices can almost maintain the current Band 1 duplexer’s performance. Thus, we propose the following.

Proposal: The issue shall be solved by Band 1 duplexer help and no change is required in the specifications.
3. Conclusion

In this contribution, some solutions for the co-existence issue between Band 1 and 34 were discussed. The proposal is as follows.
Proposal: The issue shall be solved by Band 1 duplexer help and no change is required in the specifications.
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