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Introduction
In RAN1#96, some physical layer issues in NR mobility enhancement are identified for further study as captured below[1].
	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
· [bookmark: _GoBack]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



In this contribution, the application of 2-step RACH on handover is first discussed.  Physical layer issues related to DC based handover including intra-frequency DC and RACH-less handover are then discussed. 
2-step RACH
In Rel-16, a WI of contention based 2-step RACH is discussed with the aim to accelerate random access procedure. In RAN2#105bis, there was discussion on using 2-step PRACH to reduce interruption time in the agenda of NR mobility enhancements. In the 2-step RACH procedure, a UE may first send msgA including a preamble and a short data to network no matter whether the UE has valid TA or not. Then network will send msgB to the UE after receiving the msgA where msgB has the equivalent contents with msg2 and msg4 of 4-step RACH in NR. It is straightforward that the RRCReconfigurationComplete, which is carried in the first PUSCH in RACH-less handover, can be transmitted in msgA if the new 2-step RACH is used in handover. It can achieve the same interruption time during handover as RACH-less handover as long as the same periodicity is configured for msgA in new 2-step RACH and PUSCH in RACH-less handover. 
2- step RACH can be applied to the scenario when a UE has no valid TA of the target cell, whereas RACH-less can only be used when the target cell and source cell has the same TA or the target cell TA is zero. Compared to the traditional CFRA, the new 2-step RACH has a lower access latency since the RRCReconfigurationComplete is transmitted in msgA whereas the same message has to be transmitted after the CFRA is completed. Therefore, 2-step RACH should be considered in mobility enhancement for interruption time reduction. 
Proposal 1: 2-step RACH should be considered for handover to reduce interruption time.  
[bookmark: OLE_LINK6]In current 2-step RACH discussion, the contention free random access is not in the scope since CFRA is 2-step procedure and there is no such requirement from the perspective of initial access when the WI of 2-step RACH is established. However, from the perspective of interruption time reduction in mobility enhancement, the contention free random access is an important feature to avoid msgA collision, which should be supported in 2-step RACH. Therefore, we suggest that contention free random access should be added into the scope of 2-step WI. 
Proposal 2: Contention free random access should be supported in 2-step RACH to avoid msgA collision during handover.
Handover with dual connectivity 
In RAN2 discussion, there are two methods to achieve 0ms interruption time. One is enhanced make before break in Rel-16 LTE and the other is DC-based handover. For LTE eMBB, when UE receives the HO command from source cell it can continue to keep communication with source cell and perform random access and following data transmission and reception with target cell simultaneously. The dual connection with source cell and target cell will be kept until the source cell is released after receiving the command from target cell. For DC-based handover, source cell may configure UE to add target cell as a SCG(SeNB) at first. Then dual connection is established and source cell can be seen as MCG(MeNB). Based on the measurement reports from UE, source cell initiates a role change procedure to switch the role of source cell and target cell. After the role change, target cell becomes MCG(MeNB) and source cell becomes SCG(SeNB). Finally, the target cell informs UE to release SCG (source cell) and the HO procedure is finished. From the perspective of physical layer, for both of the methods, the UE should keep dual connectivity with source cell and target cell simultaneously during the handover procedure. That is to say, they will face the same physical layer impacts, such as the feasibility of simultaneously Tx/Rx, interference between source cell and target cell, etc. It can be observed that LTE eMBB and DC-based handover have the same physical layer impacts.
As discussed above, dual connectivity operation should be established first in DC-based handover. For intra-frequency handover, corresponding intra-frequency dual connectivity should be established, which is unfortunately not supported in current specification. It means that intra-frequency dual connectivity should be supported if we want to support DC-based handover since the most cases are intra-frequency handover in practice. It would not make much sense if DC-based handover can be only applicable to inter-frequency handover only.
Observation 1: Support of intra-frequency dual connectivity is required if DC-based handover is adopted. 
In RAN1#96bis, there was discussion on whether some of designs considered in the on-going multi-TRP discussion in MIMO session can be applied to intra-frequency DC based solution in mobility enhancements.  In MIMO session, downlink multi-TRP transmission is discussed to improve downlink performance and robustness, which mainly focuses more on intra-cell/inter-cell using different CORESET groups in the same BWP.  According to the agreements 1 and 2 reached in MIMO session below, the number of CORESETs in one “PDCCH-config” is increased to support multi-TRP. Therefore, it implies that different CORESET groups are configured under one “PDCCH-config” for different TRPs.  This would not be consistent with DC-based scheme.  Consequently, it requires extra amount of work to support DC-based scheme which is different from the signaling framework discussed in MIMO session. 
	1)  To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs
· one CORESET in a “PDCCH-config” corresponds to one TRP 
· FFS whether to increase the number of CORESETs per “PDCCH-config” more than 3
FFS: UE monitoring/decoding behavior for multiple PDCCHs.
2) For PDCCH monitoring and blind decoding for multi-DCI based multi-TRP/panel transmission,  
· Increase the maximal number of CORESETs per “PDCCH-config” up to N=[4, 5, or 6] subject to UE capability
· Increase the maximal number of BD/CCE per slot per serving cell, subject to UE capability



[bookmark: OLE_LINK5]In addition, some constraints are defined in MIMO (e.g. in the Agreement 5 below) to allow UE to receive fully/partially/non-overlapped PDSCH from different TRPs. For example, the overlapped PDSCH should have the same DMRS configuration with respect to actual number of front loaded DMRS symbol, the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type. A CDM group of PDSCH DMRS should be configured with only one TCI state. For HARQ-ACK feedback for PDSCH, separate PUCCH should be transmitted in TDM manner where each PUCCH only carries the feedback for one TRP. 
	3) For multiple-PDCCH based multi-TRP/panel downlink transmission for eMBB, 
· Separate ACK/NACK payload/feedback for received PDSCHs is supported
4) For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to 2.
5) 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 
6) For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, 
· PUCCH resources conveying ACK/NACK feedback can be TDM with separated HARQ-ACK codebook. 
7) At least for eMBB with multi-DCI based multi-TRP/panel transmission, different PDSCH scrambling sequences can be supported for PDSCHs
8) 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


[bookmark: OLE_LINK4]Some of these designs can be considered to be reused for UE to communicate with source and target cell when dual connection is established during handover, but some of these may not be appropriate for intra-frequency handover case. For example, whether the BWPs of the two cells have to be fully overlapped or can be partially/non-overlapped.  Whether the scheduled PDSCHs from the two cells has to be non-overlapped or can be fully/partially overlapped. If multi-TRP scheme is used in intra-frequency handover, more coordination between source and target cell are needed compared with communication in FDM/TDM manner.  However, it may be too restrictive to require such coordination in details like DMRS pattern just for intra-frequency handover. These DMRS restrictions are mainly for the overlapped cases.  It may be simpler if we only allow non-overlapped case for mobility purpose.  In addition, the BWPs may not need to be exactly aligned between two cells.  Therefore, it needs further discussion to decide whether the restrictions defined in MIMO session should be fully reused for mobility.  
Observation 2:  Some of the restrictions defined for multi-TRP may not be appropriate to intra-frequency DC based handover.  Further discuss which restrictions can be reused in NR mobility enhancement.
In intra-frequency dual connectivity, PCell and PScell can be operating on the fully or partially overlapped bandwidth with a mutual interference as discussed above. Therefore, some restrictions should be defined for supporting intra-frequency dual connectivity. For example, a TDM pattern can be configured for UE to realize pseudo dual connectivity for simultaneous communication with PCell and PScell. The bandwidths of Pcell and PScell for a UE can be FDM-ed by BWP configuration or by coordinated scheduling to construct inter-frequency dual connectivity like operation. 
Proposal 3: Some restrictions should be defined for supporting intra-frequency dual connectivity. TDM manner can be considered as a starting point and FDM manner and multi-TRP like operation are FFS. 
 Further, multi-TRP like operation can also be considered at the cost of introducing restrictions for simultaneous transmission/reception as discussed above. To further improve efficiency and robustness, multi-TRP transmission can be considered to extend to DC-based downlink joint transmission. The discussion in MIMO multi-TRP has been focused on downlink in FR1 only.  Additional work would be needed to support multi-TRP downlink for FR2 as well as intra-frequency uplink.
Proposal 4: Multi-TRP based scheme for intra-frequency handover for FR2 as well as intra-frequency uplink can be considered if we have some time allows in this WI. 
[bookmark: OLE_LINK11]Here we discuss further on simultaneous transmission on uplink. When handover happens, the UE is on the edge of two cells in most cases. The uplink and downlink performance will be degraded due to low SINR. If a UE can simultaneously transmit/receive data from two cells, the uplink and downlink robustness will be improved greatly. Besides, the other benefit is that low latency can be guaranteed. Both of the features are very important for URLLC. Therefore, it should be supported to transmit uplink signals to two cells simultaneously since simultaneous downlink reception has been supported in many cases.
In some case, it is difficult to transmit to two cells simultaneously because both of two cells needs a higher power to guarantee uplink performance. In other words, the uplink power is limited in handover with dual connectivity. For the case that uplink power is not limited, a power sharing scheme can be used for simultaneous transmission to two cells as discussed in Rel-16 NR DC. For the case that uplink power is limited, a TDM pattern for single uplink transmission can be used. This can be achieved by configuring the uplink transmit power to be zero for one cell. 
Proposal 5: Power sharing is supported for simultaneous transmission to two cells. For the case that uplink power is limited in handover with dual connectivity, the power sharing framework can be extended to support TDM pattern for switching between uplink transmissions to different cells.  . 
In FR2, the beamforming is widely used. Without multiple panels, it is unlikely for UE to transmit uplink signal to both source cell and target cell during handover since generally two cells are in different directions. One solution is to equip multiple panels for UE to form multiple beam directions simultaneously. 
Proposal 6: Multi-panel uplink transmission should be supported for handover in FR2. 
RACH-less handover
As discussed in Section 2, 2-step RACH can be used and achieve similar level of reduction time of interruption as RACH-less handover. RACH-less handover has more restriction on the scenario and may require more standardization impact. In this section, we discuss the potential standardization impact if RACH-less handover is adopted. 
In Rel-14 LTE RACH-less handover, an UL grant configuration is configured by target cell and forwarded by source cell for UE to transmit PUSCH in target cell. Based on the grant, a periodic resource is allocated for UE since target cell cannot know the exact time when UE transmits PUSCH. UL grant configuration includes periodic time domain resource, the number of configured HARQ processes and 16bits shortened DCI information, which are sufficient for PUSCH transmission in LTE. However, more configuration information are necessary for PUSCH transmission in NR, such as the allocated OFDM symbols within a slot, QCL reference, etc. Therefore, some enhancements on UL grant are needed for NR RACH-less handover. In NR, grant-free PUSCH is supported, i.e. UE can transmit PUSCH on the pre-allocated periodic resource without sending SR first. Therefore, configured grant can be reused in RACH-less handover very well. 
Proposal 7: Some enhancements on UL grant configuration are needed in NR RACH-less handover and configured grant can be reused.
In NR, beam related information can be configured in the RRC reconfiguration for RACH transmission during traditional handover procedure, i.e. a list of RS indexes as QCL sources and corresponding RACH indexes. According to measurement result, UE may select a suitable beam to transmit RACH on the corresponding resource. Target cell configures beam related information according to the measurement results reported by UE. When UE performs contention free random access to target cell the beam quality may have already changed because long time has passed. This is the reason why multiple RACH resources corresponding to different beams should be configured for UE. Similarly, multiple resources should be configured for UE and each configured grant resource corresponds to each beam. There are two methods to configure beam related resources for PUSCH.
· Option 1: Multiple resources and beams are configured for UE and the correspondence between beam and resource is also configured.  
· Option 2: Target cell configures N resources, where N is the number of beams that UE reported in the previous measurement report and N configured resources correspond to the N beams by default.
[bookmark: OLE_LINK9]Based on the measurement, it is up to UE to choose which resource to transmit PUSCH. For example, in Figure 1, four resources are configured for UE and each resource corresponds to each SSB. Then UE detects that SSB 3 has the best signal quality. It will send PUSCH on the resource corresponding to SSB 3. However, if the signal quality of all the configured RS are below the threshold, it will fall back to use traditional random access procedure to access target cell, which is similar to the current handover in NR.

Figure 1. Configured resources for UE
Proposal 8: Multiple configured grant resources can be configured for a UE in RACH-less handover and each configured grant resource corresponds to each beam, such as SSB or CSI-RS. The UE selects the resource corresponding to the best signal quality for configured grant PUSCH transmission to the target cell.  
Proposal 9: If the signal quality of all the configured RS are below the configured threshold, UE will use traditional random access procedure to access target cell.
The main purpose of RACH-less handover is to reduce the interruption time during handover. If the first PUSCH reception is failed, the benefit will be discounted due to the latency of HARQ retransmission. In order to improve PUSCH robustness, PUSCH repetition should be supported. If multiple resources corresponding different beams are configured as above, PUSCH repetition with different transmission beams and/or different RVs is more beneficial. In the example above, UE will send PUSCH on all the 4 resources using different beams and target cell should blind detect PUSCH and possibly do soft combining on all the configured resources to increase the robustness. 
Proposal 10: PUSCH repetition with different transmission beams should be supported in RACH-less handover. 
[bookmark: OLE_LINK2]After transmitting PUSCH, UE may monitor its UE-specific PDCCH from network within the defined window. If UE cannot receive its DL assignment or UL grant within the window, it is very likely that the network does not receive the previous PUSCH at all possibly caused by low transmission power. In this case, UE should transmit the PUSCH with a higher power on the allocated resource again to avoid reception failure. In other words, power ramping should be supported for PUSCH transmission in RACH-less handover. 
Proposal 11: Power ramping should be supported for PUSCH transmission in RACH-less handover.
Conclusion
According to the discussions above, we have the following observations and proposals:
Observation 1: Support of intra-frequency dual connectivity is required if DC-based handover is adopted. 
Observation 2: Some of the restrictions defined for multi-TRP may not be appropriate to intra-frequency DC based handover.  Further discuss which restrictions can be reused in NR mobility enhancement.
Proposal 1: 2-step RACH should be considered for handover to reduce interruption time.
Proposal 2: Contention free random access should be supported in 2-step RACH to avoid msgA collision during handover.
Proposal 3: Some restrictions should be defined for supporting intra-frequency dual connectivity. TDM manner can be considered as a starting point and FDM manner and multi-TRP like operation are FFS. 
Proposal 4: Multi-TRP based scheme for intra-frequency handover for FR2 as well as intra-frequency uplink can be considered if we have some time allows in this WI.
Proposal 5: Power sharing is supported for simultaneous transmission to two cells.  For the case that uplink power is limited in handover with dual connectivity, the power sharing framework can be extended to support TDM pattern for switching between uplink transmissions to different cells.  
Proposal 6: Multi-panel uplink transmission should be supported for handover in FR2. 
Proposal 7: Some enhancements on UL grant configuration are needed in NR RACH-less handover and configured grant can be reused.
Proposal 8: Multiple configured grant resources can be configured for a UE in RACH-less handover and each configured grant resource corresponds to each beam, such as SSB or CSI-RS.  The UE selects the resource corresponding the best signal quality for configured grant PUSCH transmission to the target cell.  
Proposal 9: If the signal quality of all the configured RS are below the configured threshold, UE will use traditional random access procedure to access target cell.
Proposal 10: PUSCH repetition with different transmission beams should be supported in RACH-less handover. 
Proposal 11: Power ramping should be supported for PUSCH transmission in RACH-less handover.
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