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1 Introduction

In RAN 67 meeting, a new WID proposal [1] was submitted to identify and address the RF requirements for LTE BS or MSR BS in case of common antenna with multi-band operation. In other words, a LTE BS can be configured as single-band transmitter/receiver for each band for inter-band CA, with common antenna sharing those bands. Then, the issue of multi-band operation supporting both FDD and TDD bands was also presented. These issues were also discussed in [2 – 4]. 
In this paper, we provided further detailed discussion on these issues, in particular to gauge if proponents could agree to address these issues as a TEI12 or new WID. The justification to perform the work has been detailed in [1].  

2 Discussion

In current 3GPP BS specifications, the RF requirements are expressed per antenna connector, and applicable for the possible BS configurations foreseen by the manufacturers. For traditional LTE BS operating in single band operation, only single band transmitter/receiver with one antenna connector is considered. 
However, the LTE BS nowadays not only support single band operation, but also can support multi-band operation. The research for multi-band operation have been discussed in MB-MSR WI, where two key points were discussed: ultra wideband transceiver and the band(s) mapped to antenna connector(s). We observe that

Observation 1: Applicability of BS RF requirements is related to the BS configuration type. 

We then look at the LTE inter-band CA BS type issue below:
2.1 Inter-band CA issue

There has been lots of inter-band CA WIs in RAN4. The work at BS side is mainly focused on whether the harmonic and intermodulation products from the CA component carriers fall into the other victim E-UTRA band(s) and whether the CA band(s) can share the same antenna with the victim band(s). The universal recommendations were that the CA bands should not share the same antenna with the victim band(s) unless the antenna path meets very stringent PIM conditions such that the PIM will not cause the desensitization problem. 
The definition of inter-band CA in TS36.104 is carrier aggregation of component carriers in different operating bands, which implies at least two bands are supported by the inter-band CA BS. However, the inter-band CA BS cannot be called multi-band capable BS, because multi-band BS is characterized by 
“… the ability of its transmitter and/or receiver to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different non-overlapping operating band than the other carrier(s).”
Our understanding is some of the MB-MSR BS configurations (i.e. using multi-band transmitter and/or receiver) can be declared to support inter-band CA for some close band combinations. The illustration of the structures and configurations for MB-MSR can be found in clause 5.3.1 in TR37.812 [5]. We therefore observe that 

Observation 2: Single-band transmitter with single-band receiver implementation is excluded from MB-MSR structure (as at least multi-band transmitter and/or receiver should be included)
For inter-band CA, a typical implementation is that different RF modules are used for different bands, i.e. separate RF chain is used for each band with separated antenna connector. However, the implementation for inter-band CA can also be that the single band transmitter/receiver for each band with a common antenna, as shown in Figure 1. Note that both implementations can be configured as FDD-FDD, TDD-TDD or FDD-TDD CA operation. 
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Figure 1: Examples by using single-band Tx/Rx combining the bands in one port

Figure 1 shows the possible two ways to combine the signals with the extra RF components (such as diplexer) inside (Case a) or outside (Case b) the RRH where the RRH can be seen as a “black box” that we may not know what the exact structure inside it is in reality. 
For Case b, the single band requirements shall be applied because the current RF requirements in the specification are expressed per antenna connector. 
For Case a, the applicability of current BS RF requirements is not clear. For example, ON/OFF power requirement defined in TS36.104 are only applied to TDD. Thus, we observe that
Observation 3: Inter-band CA BS configuration with single-band Tx/Rx sharing common antenna connector implementation should be addressed in current specification.

Observation 3 also related to the issue below:
2.2 Issue of multi-band operation supporting both FDD and TDD bands
There has been lengthy discussion in RAN4 about multi-band BS configuration supporting both FDD and TDD band(s) in Release 12 BS specification. The agreement was [7]:

“The RF requirements in the present specification are FFS for multi-band operation supporting bands for both FDD and TDD.”
When there are more than two bands supporting both FDD and TDD, the structures and configurations for the BS can be the mixture of multi-band Tx/Rx and single-band Tx/Rx, which can also be seen as multi-band operation. For example, a BS supports two FDD bands and one TDD band; the structures can be illustrated in Figure 2.
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Figure 2: Example for MB (two FDD bands)+SB(TDD band) configuration

We can call the configurations in Figure 2 as MB+SB configurations. The issue of FDD band(s) and TDD band sharing a common antenna connector is shown as Configuration b in Figure 2. This is similar to the issue described in section 2.1. Note that the MB+SB configurations can support two or greater than two FDD and/or TDD bands. 

Observation 4: MB+SB BS configuration with single-band Tx/Rx sharing common antenna connector implementation should be addressed in current specification.

Observation 3 and 4 requires consideration on PIM issues, which is analysed below:

2.3 PIM issues

The BS PIM (Passive Intermodulation) issue had been extensively discussed in RAN4 [4]. However, there were no PIM requirements or related descriptions in the BS specifications. 

PIM will cause degradation on BS receiver performance and it was concluded that putting requirements only on the BS would not solve the issue. This is because PIM can be generated in the complete site infrastructure, including the antennas. The major potential sources of PIM are the duplexer, jumper cable, feeder cables, antenna and the connectors between them. 

In theory, the issues mentioned above should also consider the PIM problem, because as long as BS transmits through one common antenna connector for inter-band CA scenarios, the PIM interference may cause receiver sensitivity degradation of another co-located BS or own BS. This includes two categories: single band transmission and multi-band transmission sharing the antenna system. However, PIM is a wide concept, not only for inter-band CA, but also for the other scenarios such as MB-MSR, even for the single band scenarios. Furthermore, a lot of solutions to PIM problems are implementation specific. 

It is suggested that the PIM issue could be discussed together with the issues mentioned in section 2.1 and 2.2 with the prerequisite that the antenna path meets very stringent PIM conditions such that the PIM will not cause desensitization problem to those types of BS configurations.
2.3 How to progress the issues

Based on the observations above, it is clear that there is work needed in RAN4. Based on earlier way forwards in [3] and [4], it is clear that either TEI12 or a new work item is needed to address the BS specification work in relation to those BS configuration types in section 2.1 and 2.2. 
A new WI proposal was submitted to RAN#67 [1]. Due to lack of supports and time units in RAN4, the WI was not approved/treated. The workload in RAN4 is not likely to ease off in Rel-13 timeframe. Therefore, another alternative is to continue the work under TEI12, in a systematic and collaborative manner among proponents.  
One critical issue that needs to be addressed is the MB+SB configurations, where currently this impacts the support of FDD-TDD CA in the specification. The FFS in the BS specification should be addressed as soon as possible to avoid impact to the ETSI harmonised standard transpose work. 
3 Conclusions 
In this contribution, we further discussed the issues of inter-band CA sharing the antenna connector and the multi-band operation supporting bands for both FDD and TDD.
For the issue of inter-band CA sharing the antenna connector, the LTE BS configurations of single-band Tx/Rx using the extra RF components inside the RRH to share a common antenna connector should be addressed in specification with PIM to be considered so that the PIM will not cause the desensitization problem. 
For the issue of multi-band operation supporting bands for both FDD and TDD, more than two bands should be taken into account. A BS can be configured such as MB+SB to support both FDD and TDD bands; in this case, the BS can be understood as a BS capable of multi-band operation. Therefore, it should be consider a multi-band BS supporting more than two bands for both FDD and TDD in the specification.
Finally, we provided our views on how to progress the work. 
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