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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In TSG-RAN#80 plenary meeting [1], a new WID on NR mobility enhancements was approved for Release 16. In RAN1#96bis [2], RAN1 discussed about simultaneous connectivity feasibility in scenarios such as inter-band inter-frequency, inter-band intra-frequency, intra-band inter-frequency and intra-band intra-frequency in different frequency ranges. RAN1’s LS reply was captured in [3]. In RAN1#96 [4], the following conclusion was reached for NR mobility enhancements:

Conclusion:
The following physical layer aspects for mobility enhancements have been identified in RAN1#96 and are to be further studied (but not limited to):
· Potential physical layer aspects of RACH-less HO
· TA for target cell (if applicable)
· Power control for PUSCH for the target cell
· UL grants configuration 
· Tx/Rx beam related aspects
· PUSCH transmission aspects (e.g. repetition, etc.)
· Potential physical layer aspects of dual connectivity (DC) based HO
· Feasibility/applicability (with respect to various Tx/Rx RF capability and carrier frequencies of source/target cell)
· PDCCH monitoring for source and target cells.
· Procedures related to DL/UL operation
· Power control for PUSCH/PUCCH/SRS 
· Tx/Rx beam related aspects 
· Note: this may interact with multi-TRP discussion in Rel-16 eMIMO
· Potential physical layer aspects of Make-before-break (MBB) related to 0ms HO interruption latency (if supported)
· If supported, whether or not PHY impacts are similar/the same to those under dual connectivity (DC) based HO
· Potential physical layer aspects of solutions/enhancements that are not explicitly mentioned in the WID
· Measurement procedure to provide low latency reports (e.g. L1 based measurements)
· Methods of conveying QCL information for target cell (e.g. MAC CE based indication of QCL information for target cell)
· Link recovery on non-serving cells

[bookmark: _Ref129681832]In this contribution, we provide our views on the components needed to support DC-based HO in NR and the possible RAN1 specification impacts on the identified solutions.
Overview on NR mobility enhancement from RAN1 perspective
1.1 The need for simultaneous NR-PDCCH reception
In RAN1#96b, RAN1 sent an LS reply to RAN2 regarding the feasibility of simultaneous connectivity in a variety of scenarios based on the frequency range (FR1 vs. FR2), the band operation (intra-band vs. inter-band), the frequency operation (intra-frequency vs. inter-frequency) and the network deployment type (synchronous vs. asynchronous). DC requires the UE to transmit signals to and receive signals from the PCell and PSCell simultaneously. The feasibility and applicability of such simultaneous transmission and reception boils down to two factors: the UE’s capability and the scenario in which the UE is operating. The main motivation behind the mobility enhancements is to meet the 0ms mobility interruption time, i.e. to ensure that user-plane packets are always being exchanged between the UE and a given base station. From RAN1’s perspective: this can be interpreted as having the UE monitor and receive NR-PDCCH messages scheduling NR-PDSCH (resp. PUSCH) transmissions in every slot. Both DC and multi-TRP transmission schemes allow the UE to do so as we will describe below.
In the context of DC-based operation, a UE is configured with a MCG and a SCG. Each cell group configures a special cell respectively designated as the PCell and the PSCell. These special cells are configured using the servingCellConfigCommon and servingCellConfig IEs. The servingCellConfig IE carries the configuration of the active DL and UL BWPs for that serving cell and for each DL BWP, a PDCCH-Config IE containing the definition of the CORESETs the UE is supposed to monitor NR-PDCCH messages on. The UE can then monitor for NR-PDCCH messages on the CORESETs used respectively by the PCell and the PSCell.
In the context of intra-cell multi-TRP transmission, a UE is configured with just one serving cell which is nominally the PCell. The PCell carries configuration for an active DL BWP and CORESETs are defined within the PDCCH-Config IE, with RAN1 agreeing that a CORESET in a PDCCH-Config corresponds to one TRP. In RAN1#96bis, RAN1 agreed to increase the maximum number of CORESETs to {4, 5, 6} and the maximum number of blind decodings and control channel elements per slot per serving cell in accordance to UE capability. In the context of inter-cell multi-TRP transmission, it is not clear how the UE will handle this case. One possibility is to borrow the DC-based configuration framework and configure the second serving cell as a PSCell. There are a number of advantages in using such a framework to enable simultaneous connectivity:
1) RRC configuration is structured such that physical channels such as PDCCH, PDSCH, PUCCH and PUSCH are configured using higher-layer parameters defined within servingCellConfig IEs. Each link can be configured and maintained in independent configuration objects.
2) Unlike SCells which are defined for Carrier Aggregation as part of the same cell group, PSCells are defined in their own cell group and have their own Timing Advance group as well, allowing the UE to maintain different TAs and not be restricted to using the same TA value for every cell it is attached to.
From a physical layer perspective: the commonality between the DC-based approach and the multi-TRP approach is that in both cases the UE is configured with multiple CORESETs to monitor NR-PDCCH messages scheduling NR-PDSCH/NR-PUSCH transmissions on. Whether these CORESETs are part of the same or different BWPs, same or different carriers, same or different cells, is based on the scenario (e.g. intra-band intra-frequency DC). What is relevant is for the UE to know that it is looking for NR-PDCCH messages with different properties, such as the CORESET identity and the QCL assumption associated to that CORESET, and to maintain the corresponding physical links independently from one-another.
Observation 1: Multiple CORESETs are needed for the UE to be able to monitor multiple NR-PDCCH messages.

The following agreement reached during RAN1#96 for multi-TRP in eMIMO specifically mentions that the NR-PDCCH messages schedule NR-PDSCH transmissions in the same active DL BWP of a component carrier.
Agreement
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, support following restrictions: 
· The UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 
· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
· The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.
· The number of active BWPs for a UE is 1 per CC 
· FFS: PDSCH mapping type from two co-scheduled PDSCHs
· FFS: Alignment of PRG-level grid from multiple TRPs
· FFS: How to ensure the same active BWP between multiple TRPs
· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately.

It is unknown yet whether NR-PDCCH can schedule NR-PUSCH transmissions in eMIMO multi-TRP discussion. However, a DC-based HO solution should allow the UE to do both DL and UL data transmissions, therefore, the current multi-TRP transmission framework in the eMIMO provides at least a foundation for developing simultaneous reception. 
In NR R15, DC operation is restricted to the inter-band case where one cell is operating on a band in FR1 while the other cell is operating on a band in FR2. Conceptually nothing prevents a UE to be configured with two serving cells operating in the same band, in the same carrier or even on the same BWP. A common use-case for mobility is that of intra-frequency HO, where the UE moves between two cells that are using the same carrier. As an example: for a UE that supports simultaneous reception but not simultaneous transmission, a PCell and a PSCell can both transmit NR-PDCCHs scheduling NR-PDSCHs to the UE on their respective CORESETs and rely on TDM patterns for UL transmission. Note that for the intra-frequency network deployments, it is assumed that the two cells configure the same BWP for simplicity and otherwise it is categorized into inter-frequency operation.
In addition, as discussed and proposed in [5] that given that DC-based and enhanced MBB based HO solutions both require UE to support simultaneous connectivity to source/target gNBs, there is no point in designing enhanced MBB solutions, while DC-based solution has already been adopted in Rel-15 for inter-frequency case (intra-frequency case is under discussions in Rel-16) and provides more flexibilities. Therefore, the following proposals are given:
Proposal 1: Support DC-based HO operation for all the scenarios outlined as feasible in R1-1905780.
· Intra-band intra-frequency operation is defined as the PCell and PSCell using the same band, same carrier and same DL and UL BWP configurations.
· For UE with simultaneous reception capability,
· Support simultaneous reception of multiple-PDCCH/PDSCH from source and target gNBs and each PDCCH scheduling one PDSCH. At least one PDCCH/PDSCH is transmitted from PCell and at least one PDCCH/PDSCH is transmitted from PSCell.
· For UE with simultaneous transmission and reception capability,  
· Support simultaneous reception of multiple-PDCCH/PDSCH from source and target gNBs and each PDCCH scheduling one PDSCH. At least one PDCCH/PSDCH is transmitted from PCell and at least one PDCCH/PDSCH is transmitted from PSCell.
· Support simultaneous transmissions to source and target gNBs with each of transmission corresponds to PCell or PSCell. 

1.2 Uplink-related aspects and the challenges in FR2
Simultaneous transmission towards multiple cells comes with a set of challenges that need to be overcome. For UEs receiving multiple NR-PDSCH transmissions, adequate HARQ-ACK feedback mechanisms need to be defined. 
HARQ-ACK feedback 
It is noted that Rel-16 NR eMIMO WI [6] is specifying multi-TRP transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs) [7]. The inter-cell case for multi-TRP transmission is the same as the simultaneous PDCCH/PDSCH reception and PUCCH/PUSCH transmission in DC-based HO in terms of RAN1 impact as aforementioned. In RAN1#96bis meeting, Rel-16 eMIMO has made some agreements on these aspects as follows:
Agreements
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used 
· Support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs
· FFS: Details on how this feature is supported in the specifications (for examples, introduction of restrictions and/or further enhancements)
Above applies at least for FR1  

In early stages of NR deployments, it is reasonable to assume that UEs may have simultaneous reception capability without simultaneous transmission capability. Another aspect to keep in mind is that simultaneous connectivity feasibility in FR2 is still under study in RAN1 and it is widely expected that there will be numerous technical challenges to overcome with regards to beamforming. In light of the above, one way to ensure proper HARQ-ACK feedback is to rely on TDM-based solutions. 
Rel-15 NR already has mechanisms such as HARQ-ACK codebook type 2 that allow the UE to combine HARQ-ACK bits together based on the DAI index in DCI format 1_0 or DCI format 1_1. If the UE is configured to receive multiple NR-PDCCHs and both the PCell and the PSCell are using DCI format 1_1 with their own respective DAI indexes and the UE is configured with HARQ-ACK codebook type 2, based on DAI indexes alone the UE could end up packing HARQ-ACK bits that are meant to the PCell or PSCell together. This could negatively impact HARQ operation (e.g. ACK delivered instead of NAK) and thus disrupt our goal of achieving 0ms mobility interruption time. Therefore there is a need for the UE to track NR-PDCCH messages based on some type of property. For example, the UE can determine which HARQ-ACK bits to combine together based on the properties of the corresponding NR-PDCCH messages, such as: the CORESET a given NR-PDCCH message is received on; QCL indication in the corresponding TCI state; the C-RNTI the DCI format is scrambled with.
Proposal 2: PUCCH carrying HARQ-ACK for DC-based HO is based on TDM patterns.
· HARQ-ACK codebook determination is based on NR-PDCCH properties such as: CORESET identity, QCL indication in the corresponding TCI state, C-RNTI the DCI format is scrambled with.
Uplink Power Control 
When UE maintains simultaneous PUCCH/PUSCH transmission to source and target gNBs during DC-based handover procedure, how to perform uplink power control needs to be identified/specified. 
As of Release 15 there is no mechanism specified in RAN1 for how the UE performs Power Control across cell groups for channels such as PUCCH, PUSCH and PRACH in NR-NR DC as Rel-15 only supports NR-NR DC with two cells being deployed in FR1 and in FR2, respectively. Let’s use the PUSCH transmit power as an example:
[image: ]
PLb,f,c(qd) is the downlink path loss estimate based on a DL reference signal that the UE measures on the active DL BWP. The NR Release 15 does not support NR-NR DC in a single frequency range, so it is unclear yet how to perform UL power control when both the are intra-frequency, e.g., how to pick DL reference signals to determine PLb,f,c(qd) for NR-NR DC when both the PCell and PSCell are in FR1 or FR2. 
How to perform uplink power control during DC-based handover is the same case as NR-NR DC as part of the multi-RAT DC/CA WI [8] for uplink power control issue. RAN1 is currently discussing the options of supporting UL power control for NR-NR DC, with proposals for supporting dynamic and semi-static power sharing operations in FR1-FR1 band combinations. If the source and target cells are both in the same frequency range and are using the same DL and UL BWPs, the UE could determine downlink pathloss estimates separately for each cell based on RSs by those cells but UL Power Control would eventually be performed in a joint manner using either dynamic or semi-static power sharing. 
Proposal 3: For uplink power control for DC-based handover, power sharing is assumed.	
Proposal 4: Power sharing discussed in Rel-16 NR-NR DC with FR1+FR1 band combinations applies to the power sharing for DC-based handover. 

The challenges in FR2
In FR1 the UE could get away with omni-directional reception due to the more friendly propagation conditions but this will not be true in FR2. In higher frequency ranges, it is widely expected that the UE will have to rely on beam operation in order to receive from and transmit to a base station. Therefore beam management will play a key role in making simultaneous connectivity feasible in FR2. UE architecture will also have to allow for simultaneous beam management, which is very challenging in FR2. Considering the fact that beam management in NR is a technology that is not fully mature yet and the practical challenges UEs face to accommodate for simultaneous connectivity in FR2, it would be better to use TDM patterns for DC-based HO in FR2.
Proposal 5: PDCCH/PDSCH receptions from or PUCCH/PUSCH transmissions to source and target gNBs in FR2 is based on TDM for DC-based HO enhancements.

1.3 The case of intra-band intra-frequency DC operation
DC operation is typically associated with inter-band or inter-carrier operation: the PCell and the PSCell are independently maintained so that the physical links can co-exist in parallel. As of Rel-15 NR, NR-NR DC is supported in inter-band scenarios where the PCell and the PSCell are on different frequency bands in different frequency ranges, this line of thought is similar to what we described above and in this section we will discuss about its application to more traditional scenarios. Intra-band intra-frequency operation was discussed during the last RAN1 meeting and the response regarding simultaneous connectivity feasibility was as follows:
	Response provided in R2-1900020 (R1-1814411) for LTE is applicable for NR when the two cells are configured for the UE with the same SCS, same waveform (i.e. CP-OFDM or DFT-s-OFDM), and same SSB center frequency. It may be possible that some UEs support simultaneous transmission and reception even if two cells are configured with different SCS. 
It should be noted that common PRB grid between the two cells must be aligned in order for simultaneous transmission and reception to be feasible for both synchronous and asynchronous cases. 
In addition, BWP configurations of the two cells may play a role in determining feasibility for this case. RAN1 will further investigate on how BWP impacts feasibility for simultaneous transmission and reception. 



RAN1 states that simultaneous connectivity is feasible in FR1 intra-band intra-frequency scenarios provided that some conditions are met. One of the conditions for simultaneous Tx/Rx to be feasible is that the common PRB grids between the PCell and PSCell are aligned. In line with our proposal above, intra-band intra-frequency operation can be defined as the PCell and the PSCell using the same carrier definition and the same active DL and UL BWP definition. In the case of the PCell, the carrier information is provided using frequencyInfoDL-SIB and frequencyInfoUL-SIB IEs as part of SIB1; in the case of the PSCell, the carrier information is provide using frequencyInfoDL and frequencyInfoUL IEs supplied as part of dedicated signalling during the PSCell addition. As mentioned in RAN1’s response above: the common PRB grid between the two cells must be aligned in order for simultaneous transmission and reception to be feasible. Therefore, for DC-based operation the PCell and PSCell need to be using the same point A reference for downlink and uplink carriers respectively. The inter-cell scenario covered by the eMIMO agenda for multi-TRP transmission can be configured using a PCell and PSCell, as we would do in DC. Such a signalling framework allows us to easily configure physical links with multiple base-stations while at the same time configure the spectrum of scenarios that was discussed in [3]. Hence, it is straightforward to have the transmission/reception for multi-TRP as the starting point for further discussion of DC-based handover. 
Proposal 6: The transmission/reception for multi-TRP is used as the basis of DC-based HO for intra-frequency.

Conclusions 
In this contribution, we provide overview on possible RAN1 specification impact on the identified solutions. Based on the discussion, we have the following observations and proposals:
Observation 1: Multiple CORESETs are needed for the UE to be able to monitor multiple NR-PDCCH messages.
Proposal 1: Support DC-based HO operation for all the scenarios outlined as feasible in R1-1905780.
· Intra-band intra-frequency operation is defined as the PCell and PSCell using the same band, same carrier and same DL and UL BWP configurations.
· For UE with simultaneous reception capability,
· Support simultaneous reception of multiple-PDCCH/PDSCH from source and target gNBs and each PDCCH scheduling one PDSCH. At least one PDCCH/PDSCH is transmitted from PCell and at least one PDCCH/PDSCH is transmitted from PSCell.
· For UE with simultaneous transmission and reception capability,  
· Support simultaneous reception of multiple-PDCCH/PDSCH from source and target gNBs and each PDCCH scheduling one PDSCH. At least one PDCCH/PSDCH is transmitted from PCell and at least one PDCCH/PDSCH is transmitted from PSCell.
· Support simultaneous transmissions to source and target gNBs with each of transmission corresponds to PCell or PSCell. 
Proposal 2: PUCCH carrying HARQ-ACK for DC-based HO is based on TDM patterns.
· HARQ-ACK codebook determination is based on NR-PDCCH properties such as: CORESET identity, QCL indication in the corresponding TCI state, C-RNTI the DCI format is scrambled with.
Proposal 3: For uplink power control for DC-based handover, power sharing is assumed.	
Proposal 4: Power sharing discussed in Rel-16 NR-NR DC with FR1+FR1 band combinations applies to the power sharing for DC-based handover. 
Proposal 5: PDCCH/PDSCH receptions from or PUCCH/PUSCH transmissions to source and target gNBs in FR2 is based on TDM for DC-based HO enhancements.
Proposal 6: The transmission/reception for multi-TRP is used as the basis of DC-based HO for intra-frequency.
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