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1 Introduction
In RAN#80 a contribution was submitted and discussed for LTE UE capabilities for multi-mode LTE/NR UE [1]. According to the guidance of RAN the proponent provided a list of features and kicked off an email discussion. 16 companies provided the feedback during the email discussion. The outcome was summarized in [2]. The list of features under discussion included LTE TM9, support of 4Rx/4-layer, and support of UL Tx switching. 

In RAN#81, the proponent proposed to mandate the support of 4Rx for Rel-15 LTE-NR dual mode UEs (UE supporting at least one LTE and at least one NR band) at least on LTE bands of {b1, b2, b3, b4, b7, b41, b42, b66} if UE supports one of them. According to the discussion, all the operators who provided the feedback supported mandating 4Rx for LTE from Rel-15 at least. But vendors expressed the concerns which were captured in [2] and also provided in [3].
In this contribution, we will responds the concerns for mandating support of 4Rx for Rel-15 LTE-NR dual mode UE, and try to figure out a way to move forward.
2 Motivation for mandating 4Rx for LTE-NR dual mode UE
In [2] the details were provided and the brief summary is provided in this section. And the companies’ views in the previous discussions were summarized in Annex.
As the initial 5G phones will be LTE-NR dual mode phones. It was estimated that 5G phones work in LTE mode for ~70% of the area by 2020. LTE performance contributes to major part of the 5G user-perceived experience, which needs be guaranteed. 
One approach to guarantee LTE performance is to reconsider mandating some LTE optional features which share the NR capability available in the device (e.g., RF) with the small extra effort and can effectively improve the system performance. Among them mandating 4Rx is the outstanding one which can bring the confidence to the vendors and operators to implement 4Rx UE and deploy the corresponding features.
As we know, for NR it was agreed that for NR Bands n7, n38, n41, n77, n78, and n79 the UE shall be equipped with 4Rx ports as a baseline because support of 4Rx is beneficial to boost the system performance.
3 Discussions
3.1 Issues to be discussed
The issues raised by the companies are as follows:
· What is the exact meaning of LTE-NR dual mode UEs? 

· The cost and complexity for LTE-NR dual mode UEs to mandatorily support 4Rx will be increased even if such UE mandatorily supports 4Rx on the same bands for NR.
3.2 Definition of LTE-NR dual mode UE
The definition of dual mode UEs can be described from the LTE perspective. The LTE-NR dual mode UE means that the UE supports at least one LTE band and one NR band.
If the UE supports the same band for LTE and NR, the NR RF reception components can be shared by LTE in our view. Thus if UE is able to support 4Rx for NR, the same RF components can be used to support 4Rx for LTE on the same band.
To address the concern on the limitation baseband processing capabilities, which may not be sufficient to support the simultaneous reception of LTE and NR for 4-layer transmissions across the full bandwidths, we think that at least the support of 4Rx can be mandated when dual mode UE operates standalone in LTE mode.
3.3 Analysis of complexity and cost

In Figure 1, we try to summarize the analysis from the company from the UE architecture point of view.
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Figure 1: Summary of analysis from company on the complexity, cost and etc
3.3.1 Non-simultaneous LTE-NR reception
As we mention in Section 3.2, we care more about the case of non-simultaneous LTE-NR reception case, i.e., LTE standalone mode.
In Figure 2, we provide a UE architecture where the RF chains are totally separate for LTE and NR. Take band 41 for an example. If following the architecture in Figure 2, it means that UE should have totally six RF chains for LTE 2Rx reception and NR 4Rx reception even if UE is not able to support 4Rx for LTE. It will lead to too much increasing cost and undesirable.
In Figure 3, we show the UE architecture with the shared RF chain for LTE and NR on the same supporting band. Take band 41 for an example. The band SAW filter can be shared between LTE and NR since the band definition of LTE and NR is the same. The baseband filter and ADC can be shared since NR also needs support 15KHz SCS and the same bandwidths as LTE. With this UE architecture, if UE can support 4Rx on NR Band n41, there is no increase of cost and complexity for the hardware. Since the LTE standalone mode is cared about, there is no additional power consumption.
· Observation 1: The UE architecture with entirely separate RF chains for LTE and NR on Band 41 and Band n41 leads to the significant increase of cost/complexity and undesirable, no matter 4Rx is mandated for LTE or not. So it is not recommend to use entirely separate RF chain for LTE and NR on Band 41 and Band n41.

· Observation 2: For Band 41 and n41, the NR RF chain can be shared by LTE. If UE is able to support 4Rx on NR band n41 there is no increase of cost and complexity to support LTE 4Rx on Band 41 when UE operates in the LTE standalone or NR standalone modes.
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Figure 2: UE architecture with entirely separate LTE and NR RF chains
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Figure 3: UE architecture with shared RF chain for LTE and NR

3.3.2 Simultaneous LTE-NR reception
For the inter-band EN-DC, there is no simultaneous LTE-NR reception on the same band, since one band is operated either as LTE or NR. The simultaneous LTE-NR reception happens for the intra-band EN-DC case.
To support the simultaneous reception for intra-band EN-DC, the UE architecture shown in Figure 1, i.e, with entirely separated RF chains for LTE and NR, could be applied, but it will lead to the more power consumptions since it will require six RF chains working together.
In our view, at least part of RF components can be shared between LTE and NR to support this scenario as shown in Figure 4. The band SAW filter, Duplexer and LNA can be shared between LTE and NR.

The down-conversion, BB filter and ADC may not be shared because LTE and NR would be on the different frequency carriers and the totally aggregated bandwidth would be larger than the maximum channel bandwidth of NR. But whether those RF components could be shared or not depends on the capability of components themselves.
For this scenario, in order to support 4Rx on both LTE and NR, the multiple RF channels are needed. For example, to support the simultaneous reception for the intra-band EN-DC Band 41+n41 with 4Rx for both LTE and NR, at least 8 RF channels are needed. But in our understanding, the RFIC on the UE can support multiple RF channels. For example, in order to support up to 5CC, at least 10 RF channels are needed (two Rx on each CC). Thus for the high end UE, the multiple RF channels are already there. The LTE-NR dual mode UE in the early 5G market should be high end UE. So we think the complexity and cost would not be increased too much.
· Observation 3: To support simultaneous reception for intra-band EN-DC on Band 41 and n41, the cost and complexity would not increase significantly for Rel-15 UE considering Rel-15 UE can support even more than 5 CC CA.
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Figure 4: UE architecture with partially shared RF chain for LTE and NR

4 Conclusions

In this contribution, we further investigate the possibility to mandate support of 4Rx for LTE for the LTE-NR dual mode UE on the bands where 4Rx support is mandatory for NR. At least for non-simultaneous LTE-NR reception scenario, we have the following observations:
· Observation 1: The UE architecture with entirely separate RF chains for LTE and NR on Band 41 and Band n41 leads to the significant increase of cost/complexity and undesirable, no matter 4Rx is mandated for LTE or not. So it is not recommend to use entirely separate RF chain for LTE and NR on Band 41 and Band n4.
· Observation 2: For Band 41 and n41, the NR RF chain can be shared by LTE. If UE is able to support 4Rx on NR band n41 there is no increase of cost and complexity to support LTE 4Rx on Band 41 when UE operates in the LTE standalone or NR standalone modes.

For the simultaneous LTE-NR reception scenario (EN-DC), we have the following observation:

· Observation 3: To support simultaneous reception for intra-band EN-DC on Band 41 and n41, the cost and complexity would not increase significantly for Rel-15 UE considering Rel-15 UE can support even more than 5 CC CA.
Based on the analysis and observations, we propose that
· Proposal: 4Rx antenna is mandatorily equipped for Rel-15 LTE-NR dual mode UEs (UE supporting at least one LTE band and at least one NR band) for LTE Band 7, Band 38 and Band 41 at least when UE operates in the LTE standalone mode.
5 Annex: summary of views from companies in previous RAN
In Table 1, we provided the summary of views from the operators and vendors on this topic.

Table 1. Summary of views on mandating 4Rx
	Company name
	Comments 
	Response/Clarification from proponent

	Huawei/HiSilicon
	Positive for 4Rx/4layers. 4Rx/4layers is also a useful tool to boost network performance. The implementation has been wide in some bands. NR has mandated 4Rx/4layers in band n41, n77, n78, n79. It is proposed to mandate 4Rx/4layers support for LTE side of Rel-15 dual mode UEs at least in LTE band 41/42, and to further discuss the possibility to mandate 4Rx/4layers support for other LTE bands for Rel-15 dual mode UEs;
	N/A

	AT&T
	It is important to achieve good and consistent user experience in the early years of 5G deployment, as the UE traverses LTE & NR service areas. Existing LTE networks will remain the dominant network during the period when NR deployment ramps up. To this end, AT&T supports the Huawei/HiSilicon position on the following 2 capabilities: Transmission mode 9 (TM9) and DL 4Rx/4layers. 
	Acknowledged

	TIM
	TIM shares the view of AT&T on the importance of ensuring a good and consistent user experience. Therefore we support in general the position of Huawei/HiSilicon. In particular, we strongly support the capability of DL 4Rx/4layers
	Acknowledged

	DT
	Supports mandating Transmission mode 9 (TM9) and DL 4Rx/4layers
	Acknowledged

	Orange
	Would like to mandate for dual mode UEs: TM9, and DL 4 Rx / 4 layers at least for bands B1/3/7;
	Acknowledged

	DOCOMO
	Fine to leave R15 for now and focus on R10/R12 capabilities; If you and the other operators intend to ensure the mandatory availability for DL 4Rx/4layers, I incline to the view that it should be ensured regardless of the transmission modes, i.e. 4 layers with TM3/4 should also be mandatory.
	Fine with the proposal of including TM3/4 with 4R/4layers.



	VIVO
	What is the exact meaning of NR-LTE dual mode UEs. There could be at least following two types of UEs

1. Type 1 UE: UE that is capable of operating LTE and NR simultaneously, for example EN-DC UEs

2. Type 2 UE: UE that is capable of either LTE or NR, but not capable of operating LTE and NR simultaneously, this is the dual mode UE in our view

It seems both type 1 UEs and type 2 UEs are intended to be covered in this discussion, in that case we think these two UE types should be discussed separately as the implementation implication for the two are quite different. 

For type 1 UE, it is not possible to fully share the receiver component from NR to LTE thus mandating 4Rx also at LTE side will definitely cause additional UE complexity, cost and power consumption for the UE; For type 2 UE, sharing RF chain between LTE and NR may be less problematic than type 1 UEs, but still we should make the separate RF design possible for type 2 UEs. Therefore same problem as for type 1 UEs exists (UE complexity, cost, power consumption). So we propose to keep the LTE 4Rx optional. 
For 4 DL layer, the mandatory/optional support of these features should be concluded in NR first before talking about mandating it at LTE side.
In RP-181662, the observations and proposals were given:

Observation 1: Mandating LTE 4Rx for LTE/NR dual mode UEs (i.e. without requiring simultaneous LTE/NR operation) brings significant UE complexity, cost and power consumption for UEs for early 5G deployment. 

Observation 2: Mandating LTE 4Rx for EN-DC UEs or any type of UEs which require simultaneous operation in NR and LTE would cause challenge for shared RF chain design, and would bring additional UE complexity, cost and power consumption for separate RF chain design. 

Proposal 1: Keep LTE feature “DL 4Rx/4Layers” as optional.
	On the definition of dual mode UEs, we can describe it from the LTE perspective by addressing the condition that ‘if UE supports at least one NR band’, and additional constraints can be addressed feature by feature when needed.
The motivations of the proposals include sharing of NR hardware capabilities but are not limited to that. 

We understand the concern on sharing baseband processing capabilities and we are fine to follow the solution in NR discussion, i.e., to mandate 4 layers for at least single CC operation for standalone LTE case.

	Qualcomm
	If the RF for NR 4Rx can be reused for LTE, the UE may still be limited by baseband capability to support this feature, especially for cases of band combinations with large aggregated bandwidth. If the UE has no additional limitation, then the UE will naturally report the 4Rx capability – hence there is no benefit, in our view, to make this feature mandatory;
	There are currently multiple bands proposed by companies and we can discuss directly based on those bands. In the existing network, high end LTE-only devices have supported 4R in those bands. If 5G devices cannot support 4R on those bands when falling back to LTE, it would affect the end users’ perception of 5G performance. For large number of aggregated cells with limited baseband capability, we could follow the logic in NR 4-layer discussion, to mandate the non-CA case;

	Nokia
	Supportive of investigating how LTE capabilities could be brought forward. At the same time we of course want to be careful not to delay availability of option 3 UEs, thus feedback from chip set vendors will be appreciated to understand the situation.
	Acknowledged

	OPPO
	What is the exact meaning of "dual mode" UE? This seems a new terminology in NR and should be clearly defined before we expand this topic. In most of the cases, the capability of the LTE and NR are not identical. For example, 4Rx in LTE and NR are different in either band or bandwidth. So we wonder if RAN is the proper place to discuss these topics. Whether a NR capability can be “borrowed” to LTE should be studied in WG level. Using 4Rx as an example, the feasibility of NR 4Rx being re-used for LTE should be studied and discussed in RAN4 (not in RAN)
	On the definition of dual mode UEs, we can describe it from the LTE perspective by addressing the condition that ‘if UE supports at least one NR band’, and additional constraints can be addressed feature by feature when needed.

	Samsung
	It is not always the case that the NR-LTE dual mode UE can implement the three LTE features being discussed even though it implements more advanced NR features. If there are strong requests from operators to implement a feature, it can be implemented even though it is not a mandatory feature. Based on the above consideration, we prefer not to change the status of the three LTE features to UE mandatory.
	Ideally, even if a feature is not mandatory, it can be implemented per strong requests from operators. However, we also see the difficulty in the reality in the past, which is also why we discussed setting FGI bits to '1' mandatorily in the past.

	Telstra
	Telstra would like to see both TM9 & DL 4Rx/4layers as mandatory capability in Rel-15. We are also ok to include TM3/4;
	Acknowledged

	ZTE
	It is hard to match with every NR feature for LTE. We agree with some of the companies that mandating these features would impose restrictions to UE design for NR-LTE dual mode.  Otherwise, UE complexity would be increased drastically.  If a UE is designed in a way that sharing between NR and LTE is feasible, the UE would support these features naturally. If there is a strong demand in LTE market for the enhancements, UE vendors would follow such design to make their UEs competitive.  We can re-consider mandating these features once dual mode UE design becomes more mature. We prefer to keep the current status of these LTE UE features.  
	

	Telus
	TELUS supports TM9 and 4Rx/4layers for mid LTE bands (e.g., bands 2, 4, 7,  66)
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