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Introduction 
In this contribution, various remaining issues on NR-LTE coexistence are discussed, which are
1. UE self-interference handling from the perspective of identifying the self-interference situation, and the UE-behavior when collisions between DL reception and UL transmission occurs. 
2. Clarification on the supplemental UL from the perspective of the definition of UL carrier that can use smaller subcarrier spacing than the associated DL carrier and applicable scenarios of supplemental UL.
3. UE-behavior regarding single UL transmission.  
4. Discussion on example solutions for coverage extension for NR-PUSCH carrying UCI only. 
Remaining issues of NR-LTE coexistence
UE self-interference handling
The self-interference issue is of concern when a UE is configured with DL and UL carriers, whose combination is subject to self-interference at the UE. For instance, a UE is operating on NR carrier on B42 (3.4-3.6 GHz) while the UE is also configured on B3 (1.8 GHz) either for NR SUL or for LTE UL in the case of NSA scenario. When the UE transmits UL on B3, there is a second order harmonic interference on B42 NR DL reception. There could be also harmonic mixing interference on B3 DL reception when the UE transmits on B42 as well. The self-interference impact can be quite dependent on the device implementation such as the internal placement architecture, Harmonic power leakage severance performance on PCB board, and the use/performance of harmonic trap filter (HTF). As the LTE Class A2 inter-band CA, a proper performance requirements, e.g., receiver reference sensitivity/maximum sensitivity degradation (MSD), needs to be set by RAN4, which can be in parallel with consideration on self-interference avoidance mechanism in RAN1.
In RAN1 NR-AH#3, the following agreement was made [1]:  
	Agreement:
· Following Backhaul signalling is specified (enhanced X2 and Xn) to facilitate time-domain and frequency domain based network scheduling solution in case of harmonic interference from UL to DL, send LS to RAN3 to ask them to specify the signalling details:
· Semi-static time pattern indicating intended reception/transmission on an LTE UL carrier and an NR DL carrier on non-overlapping frequencies 
· Semi-static frequency pattern indicating intended reception/transmission on an LTE UL carrier and an NR DL carrier on non-overlapping frequencies 
· These patterns can be at least UE-specific. 




There are remaining aspects related to UE self-interference handling. One aspect is whether the UE behaviour needs to be specified in case of collisions between UL transmission and DL reception. When the UE is identified to be in a self-interference situation, the network should provide a proper resolution. It is preferable that the self-interference handling is agnostic to UEs. Detecting occurrence of collisions by UE in EN-DC scenario itself can be challenging as the UE needs to decide whether simultaneous transmission/reception happens between different modems in a particular band combinations.
Another aspect is on the mechanism to identify the problematic self-interference situation. One option could be based on UE detection and reporting, which is quite unreliable and implementation-wise challenging. First of all, a UE is not always scheduled and, thus, it is difficult for the UE to reliably detect the self-interference occurrence. Furthermore, the detection will be based on the success/failure of the downlink data decoding. Judging whether it is due to self-interference or deep fading is practically indecisive by the UE. Based on the above observation, we derive the following proposal.
Proposal 1: 
· The self-interference handling is agnostic to UEs.
· The identification of self-interference situation is done by network implementation. 
· UE-behavior is unspecified for the case when collisions between UL transmission and DL reception subject to self-interference happens. 
Clarification on the supplemental UL 
In RAN1 NR-AH#3, the following agreement was made [1]:
	Agreement:
· Working Assumption that, an UL carrier can use a subcarrier spacing smaller than the subcarrier spacing of the associated DL carrier, in the following cases:
· The carriers are in different PUCCH groups, or
· The UL carrier is operating in a SUL band combination as defined in RAN4 specifications
· Can be revisited if technical problems (e.g. with scheduling and CSI feedback) are identified and cannot be resolved by RAN1#91. 
· Minimizing specification impact should be the primary consideration in finalising the solution, unless major performance differences exist. 
· An UL carrier can carry UCI for the DL carrier that it supplements
· An UL carrier is scheduled from the DL carrier that it supplements



The intention of the above agreement is to allow SUL to use smaller subcarrier spacing than the associated NR DL carrier. 
Note that in RAN4, the SUL band is separately defined as follows [2]: 
Table I New NR band definition
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Combinations with NR bands are then to be defined in RAN4 as in the following example [2].

Table II Example SUL/NR-LTE Coexistence band combinations
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It can be seen that the definition of ‘the UL carrier operating in a SUL band combination’ in the previous agreement is ambiguous. That is because an SUL band combination can be for instance SUL_n78-n81 as in the example in the above table such that the UL carrier operating in a SUL band combination can be the UL carrier in the SUL band or the UL carrier in NR TDD band. Then, apparently allowing different subcarrier spacing between DL and UL for a given NR TDD carrier was not the intention when the agreement was made in RAN1 NR-AH#3 but clearly the statement allows that. Therefore, the following proposal is made:
Proposal 2: 
· Confirm the working assumption with the following modification. 
· An UL carrier can use a subcarrier spacing smaller than the subcarrier spacing of the associated DL carrier, in the following cases:
· The carriers are in different PUCCH groups, or
· The UL carrier is operating in a SUL band combination as defined in RAN4 specifications
On the other hand, in RAN1 #89, it was agreed to support supplemental UL (SUL) as complimentary access link to NR TDD and to NR FDD [3]. The motivation was due to the limited NR UL coverage compared to NR DL coverage due to higher carrier frequency and limited UE transmission power.
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Figure 1. Supplemental UL deployments

The motivation was due to the limited NR UL coverage compared to NR DL coverage due to higher carrier frequency and limited UE transmission power. Although it was not explicitly agreed, the main usage scenario for SUL has been collocated NR deployment. For instance, the following agreements were made in RAN1 #90 regarding the UE operation to select the carrier for initial access and the UL power control for SUL.

	Agreements:
· For NR UE initial access based on RACH configuration for an SUL carrier 
· RACH configuration for the SUL carrier is broadcasted in RMSI
· The configuration information for the SUL carrier is sufficient for UEs to complete RACH procedure via only that SUL carrier
· In particular the configuration information includes all necessary power control parameters
· The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold
· If the UE starts its RACH procedure on the SUL carrier, then the RACH procedure is completed with all uplink transmission taking place on that carrier
· It is expected that the network would be able to request a connected-mode UE to initiate a RACH procedure towards any uplink carrier for path-loss and timing-advance acquisition
· Sent an LS accommodating above agreement to RAN2 

Agreements:
· Each UL carrier (including SUL) available for initial access has its own separate power control configuration.
· Power adjustment for SUL should be taken into account in the uplink power control
· The power adjustment for SUL can be used to compensate the difference between a pathloss estimate for the SUL frequency and the path loss estimated on the DL carrier where the UE receives the RMSI.
· Note: it may be possible to include the power adjustment in P0.



It can be seen that the above agreements were built on the collocated deployment assumption. To expedite the NR phase I WI progress within Rel-15 and to avoid any possible confusion, the following proposal is made:
Proposal 3: 
· The supplemental UL feature is applicable to collocated scenarios only within the scope of Rel-15. 
Remaining details for single UL transmission 
In RAN1 NR-AH#2, it was agreed that “UL transmission timing pattern of LTE carrier and NR carrier is semi-statically shared between eNodeB and gNodeB” [4]. Given the coordination between eNB and gNB, the scheduling of simultaneous NR and LTE UL transmission is simply an error case. Therefore, a simple resolution can be made in such a way that the NSA UE configured with single UL Tx is not expected to receive UL grants indicating NR UL transmission and LTE UL transmission at the same instance. In case if the error case occurs, it can be handled by UE implementation, i.e., the UE may simply transmit on both RATs, the UE may choose to transmit on one RAT, or the UE may not transmit on both RATs.
Proposal 4: 
· For NSA UEs configured with single UL transmission, the UE is not expected to receive UL grants indicating NR UL transmission and LTE UL transmission overlapping in time. (UE-behavior is unspecified.)
Coverage extension for NR-PUSCH carrying UCI only
In RAN1#90, it was agreed to define necessary mechanism to extend the coverage of NR-PUSCH with UCI only comparable to that of NR DL [5].
	Agreements:
· Define the necessary mechanisms to ensure that NR-PUSCH which carries only control information can reach a similar coverage as NR DL control in scenario 1
· Example mechanisms 
· Support for a small TB size design to carry RLC-feedback and CSI-feedback
· FFS for piggybacking HARQ-ACK
· Support for TTI bundling / repetition, TBS scaling for improved coverage for NR-PUSCH
· Note that these mechanisms may be useful for other scenarios, e.g., scenario 2



This agreement was particularly motivated for scenario where there is a UE who is not configured with supplemental UL (SUL) or does not have SUL capability. In such scenario, while UL data can go through LTE, the NR system can be limited by NR UCI transmission coverage. Therefore, it is seen that there is a good motivation to improve the coverage for NR-PUSCH with UCI. 
Among multiple example mechanisms discussed last meeting as captured above. The small TB size design and TBS scaling for PUSCH are unclear as there is no UL-SCH from MAC layer. On the other hand, the TTI bundling approach can be benefited from channel coding compared to the TTI repetition. Therefore, the following proposal is made along with the consideration to expedite the NR phase I WI progress within Rel-15. 
Proposal 5: 
· For Coverage extension for NR-PUSCH carrying UCI only, TTI bundling should be prioritized in Rel-15. 
Conclusions
In this contribution, we discussed remaining details on NR-LTE coexistence and the following proposals were made:
Proposal 1: 
· The self-interference handling is agnostic to UEs.
· The identification of self-interference situation is done by network implementation. 
· UE-behavior is unspecified for the case when collisions between UL transmission and DL reception subject to self-interference happens. 
Proposal 2: 
· Confirm the working assumption with the following modification. 
· An UL carrier can use a subcarrier spacing smaller than the subcarrier spacing of the associated DL carrier, in the following cases:
· The carriers are in different PUCCH groups, or
· The UL carrier is operating in a SUL band combination as defined in RAN4 specifications
Proposal 3: 
· The supplemental UL feature is applicable to collocated scenarios only within the scope of Rel-15.
Proposal 4: 
· For NSA UEs configured with single UL transmission, the UE is not expected to receive UL grants indicating NR UL transmission and LTE UL transmission overlapping in time. (UE-behavior is unspecified.)
Proposal 5: 
· For Coverage extension for NR-PUSCH carrying UCI only, TTI bundling should be prioritized in Rel-15. 
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___________Ju. DL |Duplexingmode _______|

n77 3.3-42GHz 3.3-42GHz TDD
n78 3.3-3.8GHz 3.3-3.8GHz TDD
n79 4.4 -5.0 GHz 4.4 -5.0 GHz TDD
n80 1710 - 1785 MHz N/A SUL
n81l 880 - 915 MHz N/A SUL
n82 832 - 862 MHz N/A SUL

n83 703 - 748 MHz N/A suL
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Band combination of NR band n78 and band n81(SUL) for NR operation including but not

SUL n78-n81 limited to NR-LTE coexistence with UL sharing

LTE-NR DC between LTE Band 3, and NR bands n80 (SUL) and n78 including NR-LTE

DC_3-SUL n78-n80 coexistence with UL sharing





