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1	Introduction
RAN1#89 agreed (see RAN1#89 draft report) that 5G NR needs to support non-standalone (NSA) NR UEs, which may not capable of transmitting two uplinks at the same time when in LTE-NR Dual Connectivity (DC) configuration i.e. NR needs to support 1Tx UEs for LTE- NR DC. This contribution discusses related RAN2 implications and what issues need to be investigated for supporting NSA UEs with single UL support only. 
2	Support of 1 Tx UE in EN-DC 
RAN1#89 agreed (see RAN1#89 draft report) that 5G NR needs to support non-standalone (NSA) NR UEs, which may not capable of transmitting two uplinks at the same time, when in LTE-NR Dual Connectivity (DC) configuration i.e. NR needs to support 1Tx UEs for LTE- NR DC. 
Agreements:
· For NR NSA for a UE, NR supports the case that when the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers
· FFS whether or not there is specification impact
· If there is RAN1 specification impact, aim to minimize the specification impact for NR
· Note: this feature by itself is not intended to have any LTE RAN1 specification impact 
· Note: the other case of allowing simultaneous operation on two or more UL carriers is already agreed to be supported

The discussion seems to have happened based on contribution R1-1708276, with the decision being based on way forward document R1-1709586. The reasoning in those documents leading to RAN1 decisions on 1Tx UE support was driven by UE RF implementation issues like intermodulation products, degraded DL sensitivity especially in certain frequency band combinations. It is not clear to us why the IDC framework which was introduced precisely to deal with such problems cannot be used instead. Furthermore, the examples given in R1-1708276 do not picture any of the radio protocol stack alternative considered by RAN2 so far, and obviously cannot be agreed before RAN2 analyses them.. 
Proposal 1: RAN2 should consider the protocol stack impacts of 1Tx UE to EN-DC and indicate the impacts to RAN1 and RAN4.
Also, typically the UE RF implementation and performance issues are studied and decided in RAN4. In our understanding, RAN4 should now start to consider those aspects as per the RAN1 decision, which may also have implications to RAN2 work. Therefore, to better understand how these UE RF implementation issues with dual UL impact RAN2, it would be beneficial to request further information from RAN4 while indicating any issues RAN2 spots. For example, it is not clear whether 1Tx UE support would be a feature that’s per UE (i.e. applicable for all band combinations of EN-DC), per band (i.e. applicable to those band combinations where a specific band is utilized as a part of the band combination) or per band combination (i.e. applicable only to certain problematic band combinations). Therefore, RAN4 should indicate which LTE – NR band combinations would be problematic and if this 1Tx UE capability could be limited for those problematic band combinations only.
Proposal 2: Send LS to RAN4 on whether the support of 1TX UE for EN-DC would be per UE, per band or per band combination and request information on problematic band combinations. 
The RAN1 decision also relates to “NR NSA” operation, which seems to be at least EN-DC. However, given that RF support may be agnostic to radio technology, it could also be applicable to any MR-DC scenario, but it is not clear whether RAN1 considered this. It would also important to hear RAN4’s views whether the UE RF challenges are the same or different depending on radio technology. Therefore, from RAN2 viewpoint it should be understood whether only EN-DC should be considered or also other MR-DC options.
Proposal 3: Send LS to RAN1 to clarify whether 1Tx UEs should only be supported for EN-DC, or also for other MR-DC options.
Proposal 4: Ask RAN4 whether UE RF implementation challenges are radio technology agnostic or dependent. 
3	Signalling and system implications 
During the Rel-12 LTE DC study item, the issue of dual UL was also discussed but at that time it was concluded by RAN2 that it is less complex to support two simultaneous ULs rather than defining 1 Tx UE support for LTE UL DC.  However, it seems likely that the UE RF issues (especially for frequency bands < 6 GHz) are similar for EN-DC as well. It’s not clear why RAN1 discussions reached a different conclusion, and from RAN2 viewpoint it seems likely that the support of 1Tx UE will result in differences to design of the EN-DC compared to LTE DC, which could also be indicated to RAN1.
Observation 1: Different conclusions on 1 Tx UE in UL DC were reached for LTE – NR UL and LTE UL DC. Reasons for different conclusions are unclear.
Observation 2: Assuming support for 1Tx UE for EN-DC will likely create more work for RAN2 design.
From RAN2 viewpoint, we can see the following issues coming from the support of 1Tx UE for the design of EN-DC:
· UL scheduling coordination: The UL transmissions might be coordinated in a semi-static manner or they could be dynamic. It’s not clear which approach has best performance, and RAN1 seems not to have considered this, either. If UL scheduling coordination is needed, it would require some X2/Xn signalling, which would need RAN3 involvement.
· UL transmission prioritization: If no scheduling coordination is allowed or possible, given that the schedulers are assumed to be independent, there will be clashes with UL transmissions. Therefore, some prioritization rules for transmissions are needed. This impacts RACH procedure, scheduling requests, periodic uplink transmissions and HARQ.
· 
· RRC message transmission: The MCG split SRB is agreed to be supported but SCG split SRB was decided not to be supported. In case S-RLF occurs, any UL messages routed only via the SCG SRB (e.g. measurement results) would stop operating, which should be avoided.
· UL switching: It is not clear whether UL could be configured for both MN and SN still, and how this would affect the configuration. For example, would the control of UL be in MN or SN? How could the switching of UL be done from UE viewpoint, and what are the possible delays (to UP or CP) that could occur with that, and is there a throughput impact? 
· Support of SCG bearer: It’s not clear whether the SCG bearer can be supported at all for 1Tx UEs – given that the purpose of SCG bearer is to offload all data to SN but RRC messages could still be sent over MN, it’s clear that there would be some problems with that. See also section 4 for additional details on this.
· UE capabilities: UE will need to indicate where it supports 1Tx and where 2Tx (depending on RAN4 response).
Observation 3: 1Tx UE impacts RAN2 EN-DC design of UL scheduling, UL HARQ, RACH procedure, scheduling request procedure, periodic uplink transmissions, SCG bearers, RRC message transmission, switching of UL direction and UE capabilities...
In addition, there are no studies comparing the performance difference of such a mode of operation with regular LTE. Given all the restrictions it introduces, it may well turn out to be less efficient than operating in LTE alone.
Observation 4: gains compared to standalone LTE operation needs to be studied.
Proposal 5: A dedicated agenda item would be needed to progress the RAN2 work on 1Tx UE.
Proposal 6: Ask RAN3 whether UL scheduling coordination would be possible to be supported over X2/Xn.
4	Support of bearer options with 1Tx UE
The NSA architecture options are illustrated in figure 1 below (which uses the TR38.801 terminology). 
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Figure 1:  Non-standalone (NSA) architecture options in TR38.801
However, instead of architecture options, it seems more useful to discuss how MCG, MCG split, SCG and SCG split bearers operate to better anchor the discussion to RAN2 aspects. This is depicted in Figure 2.


Figure 1:  Bearer options for MR-DC (as shown by current draft TS37.340 in R2-1706418)
To better illustrate the linkage between the bearer and the architecture options, we note the following:
· Option 3 supports both the MCG and MCG split bearers 
· Option 3A supports only SCG bearer
· Option 3X supports SCG split bearer (but may also be considered to support SCG bearers) 
For MCG and MCG split bearers, all data goes through MN PDCP, providing the anchoring point towards CN. Even though MCG split bearers allow transmission of UL data over both legs, the end-to-end anchoring is still at MN. Consequently, the same applies for SCG split bearers: While data is anchored at SN PDCP only, it can be sent over MN or SN legs. Therefore, impacts to UL scheduling will not affect the end-to-end data transmission. Both will pose scheduling coordination questions, but nothing related to end-to-end data delivery.
Observation 5: MCG split and SCG split bearers may pose scheduling coordination questions, but no problems to end-to-end data delivery.
However, both MCG and SCG bearers are different: Only one radio leg is used for each. For MCG, since the MN transmissions are always going to be necessary (at least for SRBs), it seems clear that at least some MN transmissions have to be prioritized over SN transmissions. Therefore, the SCG bearers may face issues in case both MCG and SCG bearers are configured at the same time: Both cannot be scheduled at the same time in UL for a 1Tx UE, and since MCG transmissions may have to be prioritized, the SCG bearers may face problems with end-to-end data delivery, since the UL transmissions could be blocked.
Observation 6: SCG bearers may not work well for 1Tx UE.
Considering the potential design challenges and above observations, it seems that the use of SCG bearer for 1Tx UEs might pose problems. Therefore, SCG bearers might be disabled for such 1Tx usage scenarios.
Proposal 7: Support of SCG bearer is optional for 1Tx UEs.
5	Conclusions
We have discussed the impacts of the RAN1 decision to support 1Tx UEs for EN-DC, and observed the following: 
Observation 1: Different conclusions on 1 Tx UE in UL DC were reached for LTE – NR UL and LTE UL DC. Reasons for different conclusions are unclear.
Observation 2: Assuming support for 1Tx UE for EN-DC will likely create more work for RAN2 design.
Observation 3: 1Tx UE impacts RAN2 EN-DC design of UL scheduling, UL HARQ, SCG bearers, RRC message transmission, switching of UL direction and UE capabilities.
Observation 4: gains compared to standalone LTE operation needs to be studied.
Observation 5: MCG split and SCG split bearers may pose scheduling coordination questions, but no problems to end-to-end data delivery.
Observation 6: SCG bearers may not work well for 1Tx UE.
Based on these, we propose the following:
Proposal 1: RAN2 should consider the protocol stack impacts of 1Tx UE to EN-DC and indicate the impacts to RAN1 and RAN4.
Proposal 2: Send LS to RAN4 on whether the support of 1TX UE for EN-DC would be per UE, per band or per band combination and request information on problematic band combinations. 
Proposal 3: Send LS to RAN1 to clarify whether 1Tx UEs should only be supported for EN-DC, or also for other MR-DC options.
Proposal 4: Ask RAN4 whether UE RF implementation challenges are radio technology agnostic or dependent. 
Proposal 5: A dedicated agenda item would be needed to progress the RAN2 work on 1Tx UE.
Proposal 6: Ask RAN3 whether UL scheduling coordination would be possible to be supported over X2/Xn.
Proposal 7: Support of SCG bearer is optional for 1Tx UEs.

A draft LS based on the proposals can be found in R2-1706597.
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