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1 Introduction

During last RAN4 meetings, BS specification impact as well as inclusion of certain multi-band configurations for TDD-FDD joint operation [1] have been discussed in [2-10]. Although some multi-band configurations are identified feasible by some companies [8-9], the following way forward [11] during RAN4#70bis is agreed in order to complete the WI in Release 12 timeframe.
· The discussion on feasibility of multi-band BS configuration supporting both FDD and TDD bands shall be decoupled from the completion of this WI.

· Multi-band BS configuration supporting both FDD and TDD bands is not supported in Release 12 BS specification

Some proposals were discussed [14-17] to include the agreement in BS specifications; however RAN4 did not reach consensus.
Further in RAN4#71 the additional agreement was made to separate the issue of shared passive component between TDD and FDD [13]. 
· For BS configuration C-1 & C-2

· Further discussion on these configurations shall be decoupled from the completion of WI in [1].

· Further work can be considered as potential WI in Rel-13 or TEI. 
· Note: This is a potential issue from earlier release.

	Main characteristics 
	(1) 
Shared antenna connector with FDD band(s) and TDD band(s) 
	(2) 
Separate antenna connector with FDD band(s) and TDD band(s) 

	(A)

Both active and passive device(s) are shared with  FDD band(s) and TDD band(s) 
	A-1 
	A-2 

	(B)

Only active device(s) is (are) shared with  FDD band(s) and TDD band(s)
	This configuration should be included by “A” (Some passive devices must be shared if some active device is shared.) 

	(C)

Only passive device(s) is (are) shared with  FDD band(s) and TDD band(s) 
	C-1 
	C-2 

	(D)

Neither  active nor passive device(s) is (are) shared with  FDD band(s) and TDD band(s) 
	This configuration can not occur.

(Some devices must be shared if antenna connector is shared.) 
	D-2 


It is noted that A-1 and A-2 are excluded in [11], so only D-2 is readily specified in Rel-12 for TDD-FDD joint operation. Because of these agreements [11, 13], the core part of the WI, “LTE TDD-FDD joint operation including Carrier Aggregation”, has been completed. Some issues mentioned above such as C-1/2 configurations are considered for further discussion.
We discuss the wayforward on these open issues.
2 Discussion
Two CR drafts were discussed offline during RAN4#71 regarding the agreement of [11]. To exclude the TDD-FDD multi-band BS configuration, the following text was proposed in [18].  
· [E1] The RF requirements in the present specification are not applicable for a BS capable of multi-band operation supporting bands for both FDD and TDD.
On the other hand, another text in the following was proposed in [19].  
· [E2] The RF requirements in the present release of this specification are not applicable for a BS with multi-band transmitter and/or multi-band receiver operating TDD and FDD bands simultaneously.
[E1] was not agreed because the exclusion statement was stronger than originally intended in [11]. An example below shows a BS with two separate Radios for TDD and FDD.
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Figure 1 BS structure comprised of TDD and FDD Radios
In this configuration, each Radio can be made of multi-band transmitter and/or receiver. In that case, the whole base station is categorized as multi-band base station according to the definition in TS36.104. However, this configuration may not need to be excluded because the original agreement [11] was based on the exclusion of transceiver common to TDD and FDD.
There was also an argument that Rel-12 only covers TDD-FDD CA 1UL/2DL, which means one TDD band and one FDD band. Thus it is not necessary to consider multi-band FDD or TDD transmitter/receiver in this configuration.  However it may still be a possible option to implement 3DL capable BS only to support 2DL UEs. In addition, 3-band TDD-FDD CA may be proposed sooner or later. Therefore, it would be better to conclude the implication of this configuration in RAN4 as soon as possible. 
On the other hand, the alternative text [E2], which only addresses the exclusion of the common transceiver, was not agreed either because it is not clear how to apply the requirement in this configuration. Indeed, the applicability of requirement has not been considered well even for a FDD-FDD case shown in Figure 2.
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Figure 2 BS structure comprised of multiple single-band FDD Radios
In general the 3GPP single-band requirement is applied at the antenna connector of each radio. However it is a possible configuration to combine the radios using a diplexer. The combination is usually done as a site specific configuration by placing the diplexer outside the BS cabinet. However, it is also possible to place it inside the BS cabinet so that each radio input/output port is not accessible from outside. This configuration is not categorized as multi-band base station because there is no active component shared among multiple bands per definition in TS36.104. So the single band requirement should be applied.
Furthermore, Figure 2 is not different from the multi-band configuration shown in Figure 3 in terms of the antenna interface perspective.
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Figure 3 BS structure comprised of multi-band FDD Radio.
Both configurations, Figure 2 and Figure 3, have a single antenna connecter on the BS cabinet. However the requirement applicability is different. The single band requirement is applied at the antenna connector in Figure 2; the requirement for multi-band capable BS is applied at the antenna connector in Figure 3. The applicability is a matter of the manufacturer declaration based on its transceiver implementation. 
Let us go back to Figure 2. So far in 3GPP, the requirement is valid at the antenna connector which is connected to a single radio. The transceiver requirement is applied in normal operating conditions as described in TS36.104 clause 6.1 and 7.1. It is not exactly defined what the normal conditions are. Some consider that all the radios should be turned on in the normal conditions. In that case the single band requirement cannot be met at the common antenna connector. For example, spurious emission requirement obviously cannot be met without exclusion zone if two radios are simultaneously transmitting. 
Since different sorts of base station configurations are increasingly possible today, RAN4 would need to clarify whether this kind of configuration is specified in 3GPP. There are four possible ways forward to address the issue.
· [F1] This configuration is not specified in 3GPP. The test port to each Radio is required on the BS cabinet for the conformance testing such that the single band requirement is applied there without ambiguity.
· [F2] The single band requirement is assumed at each radio’s input/output port even if the test ports are not accessible outside of the BS cabinet. The requirement at the common antenna connector is left unspecified in 3GPP.
· [F3] The single band requirement is applied at the common antenna connector by turning off the irrelevant band(s).
· [F4] For the requirement that the single band is not applicable at the common antenna port, a new set of requirements is introduced to address the common antenna port of multiple single band radios. The assumption is to apply the single band requirement in general but some multi-band requirement may be reused.
[F1] makes the common antenna port out of scope of 3GPP. The test port to each Radio shall be provided in order to apply the single-band requirement for the conformance tests. This can be a short term solution as most base stations in the market are designed in this way. However, the scenario presented in Figure 1 and 2 can be a possible implementation option in the future. Thus it is not recommended to exclude it completely.
[F2] makes the 3GPP requirement at the common antenna port arbitrary. The single band requirement may need to be tested at the internal test ports before the BS cabinet is integrated. Once they are covered inside the cabinet, there is no standardized way to test the requirement. This may be confusing since the requirement is not clear at the interface that 3GPP should specify.
[F3] is to apply the requirement band by band while untested bands are switched off. So far the single band requirement for the single band BS is specified per band. This solution is considered as a straightforward extension by reusing the existing single band requirement.
[F4] is to standardize the requirement at the common antenna port even when multiple active components are turned on. However, the specification impact is expected to be large. It may not be a good approach to work on it under TEI. A new SI should be created to work on this solution.
We are expecting increasing demand to specify new kinds of base station configurations in 3GPP such as illustrated in Figure 1 and 2 without external test ports. We propose RAN4 to further analyze the impact of specifying the transceiver requirement on the common antenna port among multiple radios. We propose [F3] as a tentative solution in RAN4.
3 Conclusion
In this paper, we have discussed the open issues related to the multi-band BS configuration for TDD and FDD. In RAN4#71, we could not include the agreement [11] in the BS core specifications because of the issue about the common antenna port of multiple radios, although it was not a specific issue to TDD-FDD BS.. 
In order to sort this open issue out, we propose that RAN4 discusses the implication of common antenna port in the BS specifications. We foresee four possible way forwards as explained in [F1-F4]. We see some issues in [F1] and [F2], so we propose [F3] for now. If RAN4 can agree, it is also possible to open a new SI to specify the requirement at the common antenna port where multiple radios can operate simultaneously.   
A set of CRs for the wayforward [F3] are presented in [20-23] in this meeting together with TP to 36.851 [24].
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