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1 Introduction and Motivation
During 5G introduction, good experience of 5G phones should be guaranteed. Good 5G phone experience turns to good 5G phone sales and helps the growth of 5G industry. According to GSMA, by 2020, the population coverage of LTE networks will reach 75% [1], and the population coverage of 5G will reach 8% [2]. As initial 5G phones will be multi-mode LTE/NR phones, given the estimated population coverage above, 5G phones work in LTE mode for ~70% of the area by 2020. LTE performance contributes to major part of the user-perceived experience during the ramping up of NR deployment. So LTE performance of 5G LTE-NR dual mode phones should be guaranteed for good 5G phone experience. 
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Figure 1. Forecast of LTE network population coverage 
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Figure 2. Forecast of 5G network population coverage
LTE has evolved for 8 releases since Rel-8. In the later releases, most of the features have been set to optional for the UEs. Though having optional features would allow flexibilities for product planning, it also brings uncertainty of feature availability in the UE implementation, even if the features are needed by operators. 
For Rel-15 multi-mode LTE/NR UE, some of the legacy LTE features with UE capability signaling reports can be reconsidered as mandatory to enhance its performance in LTE mode. The availability and the plan of some legacy LTE features in the products have been changed compared to the time point when the mandatory/optional decisions were made, which makes it reasonable to reconsider the decisions:
· Some features have been widely implemented and making the features mandatory can accelerate the progress of the related testing and deployment
· Support of some features share the NR capability available in the device (e.g. RF) with small extra effort. Making the features mandatory can bring confidence to the vendors and operators to implement and deploy the features
2 Proposed features and Email Discussion
For aforementioned motivations, a contribution was submitted and discussed during RAN#80 [3]. RAN asked the proponent to provide a list of features and to kick off an email discussion. An email discussion was kicked off with below legacy features:
Table 1. Proposed legacy LTE Features for email discussion

	Features
	Release of the feature being introduced
	Current status of UE capability
	Specification
	Parameters

	TM9 (Transmission mode 9) 


	Rel-10
	TDD: Mandatory with FGI 

FDD with 4 Tx port: Mandatory with FGI 

FDD with 8 port: optional with capability bit
	36.331

36.306
	FGI 103: PDSCH transmission mode 9 when up to 4 CSI reference signal ports are configured

FGI 104: PDSCH transmission mode 9 for TDD when 8 CSI reference signal ports are configured
tm9-With-8Tx-FDD-r10

	4Rx/4layers 



	Rel-10
	Per band per band combination capability
	36.306

	supportedMIMO-CapabilityDL-r10
fourLayerTM3-TM4-r10
fourLayerTM3-TM4-perCC-r12

	UL Tx switch with 1T2R including SRS switch


	Rel-8
	Optional with capability bit. In Rel-13, per band per band combination capabilities were introduced
	36.306
	ue-TxAntennaSelectionSupported 
txAntennaSwitchUL-r13 


In addition to the legacy features, capability of Rel-15 SRS Tx antenna switch (1T4R/2T4R) is also suggested to be considered for LTE-NR dual mode UEs, which was not listed in the email discussion:

· UE should support  SRS Tx antenna switch (1T4R, 2T4R) in the band where in the same device NR supports SRS Tx antenna switch in the same band 

Until September 11th 2018, 16 companies provided their feedback, which are summarized in the table below with response/clarifications from the proponent.
Table 2. Summary of Email discussions

	Company name
	Comments 
	Response/Clarification from proponent

	Huawei/HiSilicon
	Positive for TM9. TM9 is a useful tool to boost network performance. It has been widely implemented. The system-wise performance gain will be increased as the number of UEs capable of the feature increases;

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;

Positive for UL Tx antenna switch. UL Tx antenna switch can improve the UL performance and can facilitate DL performance when channel reciprocity can be used. The feature has been implemented widely;

The proposed changes for those three features can help accelerate the related testing and deployment.
	N/A

	Intel
	For clarification: your proposal is only for 103 and 104 or if you want to propose other relevant FGs (105-110)?
Which FG is relevant to SRS Tx switch?
	Prefer to focus on 103 and 104 first. Open to discuss other features (105-110) once done with the discussion on 103 and 104;
Rel-8 feature of SRS Tx switch did not have additional capability bit, SRS Tx switch is enabled only if PUSCH antenna selection is supported.

	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. 
AT&T is neutral on SRS switching
	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; 
For the moment would be neutral on UL Tx antenna switching.
	Acknowledged

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

Neutral on SRS switching.
	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 and SRS antenna switching, the mandatory/optional support of these features should be concluded in NR first before talking about mandating it at LTE side. 
	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.
For SRS Tx switch, we only brought up 1T2R in this email discussion which was introduced in Rel-8, while the change can be based on the Rel-13 per band per band combination capability signaling. For Rel-15 SRS antenna switch, we propose: UE should support  SRS Tx antenna switch (1T4R, 2T4R) in the band where in the same device NR supports SRS Tx antenna switch in the same band

	Qualcomm
	TM9 is already mandatory for TDD and FDD (FGI 103/104), it is unclear what additional FGIs/capabilities are to be set to 1;

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;

The current capability of antenna switching is per band of band combination (not consistent with table Huawei provided). The proposal seems to be to apply this for both FDD/TDD (including some problematic cases of FDD-TDD CA), but as far as we understand it the feature is more useful in TDD networks for DL reciprocity (current devices are not implementing antenna switching for FDD very often). Additionally, 4-way antenna switching was defined for Rel-15 (1T4R and 2T4R), it is not clear whether this is in scope or not. Overall, making antenna switching mandatory will limit the OEM implementation flexibility (e.g. in terms of switching architecture for supporting AS for all bands/band combinations), so we are not supportive of this.
	The proposal is to mandate the FGI bits and the capability bit to 1 for Rel-15 5G LTE-NR dual mode UEs. Currently the FGI bit is set to 1 only for Category 8 UEs which are unlikely the LTE-NR dual mode UEs;
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;
Concerns on R8/R13 SRS antenna switching can be solved by mandating the feature for selected bands rather than for all the bands. For R15 SRS Switch, the proposal is UE should support SRS Tx antenna switch (1T4R/2T4R) in the band where in the same device NR supports SRS Tx antenna switch in the same band. 

	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;

It seems SRS switching requires some more study to better understand any impacts so we remain neutral.
	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)
	


3 Conclusions and Proposals
With consideration of the email discussions above, we have the following proposals:
Proposal 1: for LTE-NR dual mode UEs (UE supporting at least one LTE band and at least one NR band): set FGI 103 to ‘1’ mandatorily since Rel-15, set FGI 104 to 1 mandatorily since Rel-15, and tm9-With-8Tx-FDD-r10 is mandated to set to ‘1’.
Proposal 2: 4Rx antennas is mandatorily equipped for Rel-15 LTE-NR dual mode UEs (UE supporting at least one LTE band and at least one NR band) at least for {b1, b2, b3, b4, b7, b41, b42, b66}for the bands supported by the UE in this list.
Proposal 3: 4layers for TM3/TM4/TM9 is mandatory for Rel-15 LTE-NR dual mode UEs (UE supporting at least one LTE band and at least one NR band) with single CC operation for standalone LTE at least for {b1, b2, b3, b4, b7, b41, b42, b66}for the bands supported by the UE in this list.
Proposal 4: An LTE-NR dual mode UE (UE supporting at least one LTE band and at least one NR band) should support SRS Tx antenna switch (1T2R/1T4R/2T4R) in the band where in the same device NR supports SRS Tx antenna switch in the same band.
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