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Introduction
This contribution discusses the remaining issues in the following RAN1 topics: 
· Initial random access by a UE that can choose from SUL and normal NR UL for PRACH transmission. 
· Different numerologies between DL and SUL in the same PUCCH group. 
· Harmonics interference in NR-LTE DC.  
Initial random access in existence of 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
)RAN1 agreed following in RAN1 #90 for the initial random access [1]:

 
 







Given SUL is selected for initial access if and only if the DL RSRP is lower than the configured threshold, it equivalently means the NR normal UL is selected for initial access if and only if the DL RSRP is above the configured threshold. In addition, the above agreement indicates that during the time between starting of RACH procedure and completion of RACH procedure, UE would not perform another UL carrier selection for RACH procedure even if the DL RSRP becomes higher than the threshold. In order to unify the RACH procedure regardless of UL carrier to be selected, the similar logic should apply to the case in which the NR normal UL is selected for initial RACH procedure: If the UE starts its RACH procedure on the NR normal UL, the RACH procedure is completed with all uplink transmission taking place on that carrier. It should be noted that the above agreement only meant to describe the relation between PRACH carrier selection and comparison of RSRP against a threshold. It should not exclude other sufficient conditions for selecting SUL as carrier to transmit PRACH, for example, UE needs to support SUL operation and also to support the corresponding SUL band in order to transmit PRACH on SUL. 
Another issue that should be clarified is that the “completion” in the context of “the RACH procedure is completed with all uplink transmission taking place on that carrier” should refer to the status that the RACH procedure either succeeds or fails (due to the preamble transmission counter exceeding preambleTransMax). It is not feasible to guarantee the initial RACH procedure to be successful on SUL before preamble transmission counter exceeds preambleTransMax. This is not only because of potential failure of contention resolution within NR system, but also because of possible interfering from LTE system sharing the SUL if X2/Xn interface signalling between eNB and gNB is not mandated. 
Proposal 1: To extend the agreement in RAN1 #90 such that, if the UE starts its initial RACH procedure on a UL carrier (regardless of SUL or NR normal UL), the initial RACH procedure is completed with all uplink transmission taking place on that carrier, where the “completion” means the initial RACH procedure either succeeds or fails.  
Different numerologies between DL and SUL
 (
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
)RAN1 NR AH#3 meeting reached following working assumption for numerologies between NR DL and SUL [2]: 






One of the questions that need to be answered for above agreement is which combinations of DL/UL numerologies should be supported. According to the offline discussion in the earlier meetings, the operators are mainly interested in the SCS combination of 15kHz on SUL and 30kHz on NR DL. In addition, the motivation of applying 15kHz SCS to SUL is to allow the resource sharing with LTE uplink, where such uplink sharing is so far restricted to collocation between eNB and gNB. In general, given the UL SCS is 15kHz, the larger the DL SCS, the smaller the DL OFDM CP length and consequently the higher chance to make eNB-gNB collocation a problem. Therefore, it seems sufficient and safe to only support the combination of 15kHz SCS on UL and 30kHz SCS on DL in case SCS should be different between DL and UL.  
Proposal 2: For the combination of different SCS between DL and UL, NR Rel-15 only supports 15kHz SCS on UL and 30kHz SCS on DL.   
Harmonics interference in NR-LTE DC
There are mainly two questions remaining after RAN1 NR AH3 meeting:
· Given the TDM/FDM pattern coordinated over X2/Xn interface, is it necessary to indicate the TDM/FDM pattern (possibly different from the patterns over X2/Xn interface) to UE? 
· What is the UE behavior if UE is directed by eNB and gNB for UL transmission and DL reception that are vulnerable to harmonics? 
For the first question, even though the transferring of TDM/FDM pattern to UE is not required for harmonics avoidance, the TDM pattern is claimed to be beneficial to save UE’s power consumption. Meanwhile, the TDM pattern to support single UL Tx is already agreed to be indicated to UE, likely in the implicit form derived from a TDD DL reference configuration applicable to LTE connection leg. That TDM pattern mechanism designed for single UL Tx can be used to support TDM-based harmonics avoidance as well by restricting the LTE UL transmission to a subset of UL subframes. Once that TDM pattern on LTE side is known or derivable by gNB, gNB knows what NR DL subframe could be potentially vulnerable to harmonics, so there seems no need to further notify a DL TDM pattern to UE. 
Observation-2: The TDM based harmonics avoidance can work based on the TDM mechanism designed for single UL Tx. There is no need to define additional UE notification of TDM pattern specifically for harmonics avoidance. 
For the second question, because the X2/Xn interface is never mandatory, it is possible for gNB and eNB to direct the UE to perform UL transmission and DL reception at the same time and in the frequency domain resources that create UE self harmonics interference. Once UE falls into that situation, there are several options for UE behavior: 
· Option 1: UE behaviour is not specified, i.e. up to UE implementation
· Option 2: Specify that UE consider the above scheduling to be error case
· Option 3: Specify the UE behaviour, e.g. channel dropping rule between the Tx and Rx. 
· Option 4: UE behaviour in existence of harmonics remains the same as without harmonics.
Option-1 is adopted for UE behaviour to handle the single UL Tx and/or inter-modulation interference in case the network directs the UE in a way not compatible to UE capability [3]. The harmonics interference is agreed to be partially considered when RAN4 defines the UE capability to handle inter-modulation interference [4]. Given harmonics and intern-modulation interference are both UE self interference, it is feasible to follow the same principle for UE behaviour in case the network commands cause any type of self interference. 
Option-2 could be an over-kill, because both eNB scheduler and gNB scheduler are supposed to work without tight coordination in between and in such a circumstance the commands from gNB and eNB to UE are standard network behaviour and should not be considered as scheduler errors.
Option-3 needs to assign in specification the priority to one communication link direction over another. Traditionally, the priority is given to the transmission on PCell, which is LTE UL in the architecture Option 3/3a. However, generally speaking it is more preferable to assign the priority based on traffic types, data volumes and etc, in order to minimize the performance loss due to channel dropping. Therefore it is not preferred to fix the UE behaviour of channel dropping in the specification. 
Option-4 equivalently assumes there were no harmonics interference even if the harmonics interference would be generated for sure. UE tries to decode the NR DL channels anyway, and if failing due to strong harmonics interference, UE treats the DL reception in the same way as the case that the received channel is interfered by interference other than harmonics. The performance in Option-4 could heavily depend on the UE hardware implementation. If UE hardware is not specifically tuned to reduce harmonics interference, Option-4 would give worse performance than not putting received NR-PDSCH into HARQ buffer for future soft combining.     
Apparently, Option-1 could be a flexible choice lying inside Option-3 (UE behavior varies depending on traffic types and volumes) and Option-4 (UE behavior varies depending on UE hardware capability to handle harmonics interference). Therefore, Option-1 is a preferred UE behavior if UE is directed by eNB and gNB for UL transmission and DL reception that are vulnerable to harmonics. 
Proposal-3: If UE is directed by network to perform UL transmission and DL reception that are vulnerable to harmonics interference, UE behavior is not specified, i.e. up to UE implementation. 
Conclusion
This contribution concludes with following observation and proposal: 
Proposal 1: To extend the agreement in RAN1 #90 such that, if the UE starts its initial RACH procedure on a UL carrier (regardless of SUL or NR normal UL), the initial RACH procedure is completed with all uplink transmission taking place on that carrier, where the “completion” means the initial RACH procedure either succeeds or fails.  
Proposal 2: For the combination of different SCS between DL and UL, NR Rel-15 only supports 15kHz SCS on UL and 30kHz SCS on DL.   
Observation: The TDM based harmonics avoidance can work based on the TDM mechanism designed for single UL Tx. There is no need to define additional UE notification of TDM pattern specifically for harmonics avoidance. 
Proposal-3: If UE is directed by network to perform UL transmission and DL reception that are vulnerable to harmonics interference, UE behavior is not specified, i.e. up to UE implementation.  
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