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1 Introduction
UE RF architecture was discussed in last meeting in [1] [2]. This contribution continues to discuss some issues related to the feasibility of UE and BS operation for LAA. Text proposal for TR 36.889 is also provided in the last part.
2 Discussion
2.1 Feasibility of UE operation
5GHz spectrum available for WAS/RLAN could be generally divided into four sub-bands all over the world but the availability of these four sub-bands has some difference in different regions. Allowed transmit output power as well as DFS/TPC requirement is also different between these four sub-bands and between different regions in the same sub-band. Although so many difference present, UE implementation still needs to consider the demand of roaming in different regions and a reasonable device cost under the economies of scale.
Using one single front end filter covering the entire 5GHz spectrum would be the best solution to these considerations and the ecosystem obviously. In addition, the spurious emission regulatory requirement in the unavailable in-between spectrum (e.g. 5350MHz-5470MHz) could also be satisfied. Thus, it is proposed to adopt one single front end filter covering the entire 5GHz spectrum in UE reference architecture.
Proposal 1: It is proposed to adopt one single front end filter covering the entire 5GHz spectrum in UE reference architecture.
For aggregating carrier in unlicensed 5GHz band for inter-band CA, there are two points on UE RF architecture: one is whether the triplexer could be reused for 5GHz and another is whether the antenna up to 3.5GHz could be reused for 5GHz, or more precisely whether a common antenna could be designed for up to 5GHz for LTE. A straight forward architecture is to separate RF front end for 5GHz band and other licensed band up to 3.5GHz as in Figure 1 a). But after survey on the industry, we believe both them could be reused or extended for 5GHz band with a little performance loss at 5GHz. It is proposed to use common triplexer and antenna for 5GHz as the reference CA UE architecture considering the tradeoff between cost and performance, as in Figure 1 b).
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Figure 1 UE reference architectures (SDL, aggregated licensed band is a middle band of FDD)

Proposal 2: It is proposed to use common triplexer and antenna up to 5GHz for LTE as the reference CA UE architecture considering the tradeoff between cost and performance.
For SDL mode, only UE receiver requirements in CA scenario are relevant. The starting point of the study is the performance of 5GHz filter and triplexer covering 5GHz, including in-band insertion loss and out-of-band rejection in other licensed bands. All receiver requirements should consider the capability of the filter and triplexer.
2.2 Feasibility of BS operation
Usually be different from UE, BS implementation considers more performance aspect rather than cost. Using sub-band front end filter covering one or two consecutive sub-blocks will provide better co-existence performance compare to using one single filter covering the entire 5GHz spectrum. But for BS operating in 5GHz unlicensed spectrum assisted by licensed spectrum, low power and low cost may become the main demand and advantage of market and industry similar to UE. Furthermore, if the AP of WLAN using one single filter share the same spectrum in the same geographic area with LAA BS, it will be unfair to LAA BS which restrain itself better as a better neighbour, the transmission probability of LAA BS may fall down because of the worse TX leakage of AP if they use the similar LBT or cell on/off threshold. Regarding above considerations, mandate of sub-band filter for LAA is not necessary and one single filter covering the entire 5GHz spectrum should be also considered in the specification for BS.
Proposal 3: Mandate of sub-band filter for LAA is not necessary and one single filter covering the entire 5GHz spectrum should be also considered in the specification for BS.
As for ACLR requirement for LAA BS, it should be noticing that current LTE ACLR requirement of 45dBc for medium range and local area BS which output power may be related to LAA BS according to regulation limitation is much higher than ACLR requirement of WLAN and regulations which could be obtain around 26dBc by integration of UEM requirement. Considering WLAN-LAA co-existence scenario, ACLR of LAA BS is not needed so much higher because the performance is restricted by the node with poorer requirement. But LAA-LAA only scenario could also exist in some regions, the performance is better to maintain as previous LTE system. Thus, to tradeoff the cost and the performance in different co-existence scenarios, a compromised value could be easily accepted by the organization. This value should consider both cost and performance.
Proposal 4: To tradeoff the cost and the performance in different co-existence scenarios, a compromised BS ACLR value could be considered.
Although SDL mode does not require BS receiver requirement for PUSCH, LBT mechanism still need a receiver for BS to at least detect signal energy. Other signal demodulation such as Wifi preamble may be also required based on LBT design in RAN1. Whether BS RF receiver requirement is needed for LBT is for further study.
3 Conclusion
Based on above discussion, we can conclude that it is feasible of UE and BS operation for 5GHz unlicensed spectrum. RF requirement definition should consider implementation issues and some proposals are proposed as below:
Proposal 1: It is proposed to adopt one single front end filter covering the entire 5GHz spectrum in UE reference architecture.
Proposal 2: It is proposed to use common triplexer and antenna up to 5GHz for LTE as the reference CA UE architecture considering the tradeoff between cost and performance.
Proposal 3: Mandate of sub-band filter for LAA is not necessary and one single filter covering the entire 5GHz spectrum should be also considered in the specification for BS.
Proposal 4: To tradeoff the cost and the performance in different co-existence scenarios, a compromised BS ACLR value could be considered.
References
[1] R4-150394 Discussion on the feasibility of BS and UE operation of 5GHz band in CA, Huawei
[2] R4-150221 Band definitions for LAA, Qualcomm Incorporated

Text Proposal
5
Spectrum considerations and LAA carrier aggregation feasibility study

Editor notes: Considerations on introducing licensed-assisted access to unlicensed spectrum. Feasibility of base station and terminal operation in 5GHz band in conjunction with relevant licensed frequency bands.
5.2 LAA carrier aggregation feasibility study
5.2.1 Feasibility of UE operation
5GHz spectrum available for WAS/RLAN could be generally divided into four sub-bands all over the world but the availability of these four sub-bands has some difference in different regions. Allowed transmit output power as well as DFS/TPC requirement is also different between these four sub-bands and between different regions in the same sub-band. Although so many difference present, UE implementation still needs to consider the demand of roaming in different regions and a reasonable device cost under the economies of scale.

Using one single front end filter covering the entire 5GHz spectrum would be the best solution to these considerations and the ecosystem obviously. In addition, the spurious emission regulatory requirement in the unavailable in-between spectrum (e.g. 5350MHz-5470MHz) could also be satisfied. Thus, it is reasonable to adopt one single front end filter covering the entire 5GHz spectrum in UE reference architecture.
For aggregating carrier in unlicensed 5GHz band for inter-band CA, there are two points on UE RF architecture: one is whether the triplexer could be reused for 5GHz and another is whether the antenna up to 3.5GHz could be reused for 5GHz, or more precisely whether a common antenna could be designed for up to 5GHz for LTE. A straight forward architecture is to separate RF front end for 5GHz band and other licensed band up to 3.5GHz as in Figure 1 a). But after survey on the industry, we believe both them could be reused for or extended to 5GHz band with a little performance loss at 5GHz. It is reasonable to use common triplexer and antenna for 5GHz as the reference CA UE architecture considering the tradeoff between cost and performance, as in Figure 1 b).
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Figure 1 UE reference architectures (SDL, aggregated licensed band is a middle band of FDD)

For SDL mode, only UE receiver requirements in CA scenario are relevant. The starting point of the study is the performance of 5GHz filter and triplexer covering 5GHz, including in-band insertion loss and out-of-band rejection in other licensed bands. All receiver requirements should consider the capability of the filter and triplexer.
It is feasible of UE operation in 5GHz unlicensed spectrum based on above discussion. RF requirements definition should consider implementation issues and compromise between cost and performance.
5.2.2 Feasibility of BS operation
Usually be different from UE, BS implementation considers more performance aspect rather than cost. Using sub-band front end filter covering one or two consecutive sub-blocks will provide better co-existence performance compare to using one single filter covering the entire 5GHz spectrum. But for BS operating in 5GHz unlicensed spectrum assisted by licensed spectrum, low power and low cost may become the main demand and advantage of market and industry similar to UE. Furthermore, if the AP of WLAN using one single filter share the same spectrum in the same geographic area with LAA BS, it will be unfair to LAA BS which restrain itself better as a better neighbour, the transmission probability of LAA BS may fall down because of the worse TX leakage of AP if they use the similar LBT or cell on/off threshold. Regarding above considerations, mandate of sub-band filter for LAA is not necessary and one single filter covering the entire 5GHz spectrum should be also considered in the specification for BS.

As for ACLR requirement for LAA BS, it should be noticing that current LTE ACLR requirement of 45dBc for medium range and local area BS which output power may be related to LAA BS according to regulation limitation is much higher than ACLR requirement of WLAN and regulations which could be obtain around 26dBc by integration of UEM requirement. Considering WLAN-LAA co-existence scenario, ACLR of LAA BS is not needed so much higher because the performance is restricted by the node with poorer requirement. But LAA-LAA only scenario could also exist in some regions, the performance is better to maintain as previous LTE system. Thus, to tradeoff the cost and the performance in different co-existence scenarios, a compromised value could be easily accepted by the organization. This value should consider both cost and performance.

Although SDL mode does not require BS receiver requirement for PUSCH, LBT mechanism still need a receiver for BS to at least detect signal energy. Whether other signal demodulation such as Wifi preamble is also required depend on LBT design in RAN1. Whether BS RF receiver requirement is needed for LBT is for further study.
It is feasible of BS operation in 5GHz unlicensed spectrum based on above discussion. RF requirements definition should consider implementation issues and compromise between cost and performance.
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b) Common RF front end for 5GHz LAA
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