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1	Introduction 
LTE mobility enhancements, which were specified in Rel-14, introduced two features that aim at decreasing overall handover time: MBB and RACH-less. As similar mobility enhancements are being considered now for NR in Rel-16 [1], companies present further technical analysis on whether same design principles as in LTE would be applicable for NR or new solutions should be developed. Referring more specifically to the RACH-less feature, absence of the RACH phase creates new challenges for estimating correctly timing adjustment and UL grant allocation in the target cell. Thus, in this discussion paper we present our further considerations for the timing adjustment and beam related aspects in NR FR1 and FR2 networks. 
2	RACH-less handover for NR 
For the sake of clarity, we will present separately our considerations for the time alignment related issues (which are common for both FR1 and FR2), and beam management specific aspects that are specific for FR2 bands. 
2.1	Timing adjustment aspects common for FR1 and FR2
As already captured in way forward from RAN WG [2], regardless of the fact whether RACH-less handover is applied to FR1 or FR2 bands, there are two major options feasible for the target cell TA configuration: zero TA and current/equal TA. In fact, the same conclusion was reached by RAN WG1 and WG4 when the RACH-less feature was standardized for LTE in Rel-14. At the same time, it is worth mentioning that [2] also encourages companies to analyse the case when non-zero/non-equal TA is applied. In fact, several companies already provided preliminary view on potential solutions and how they can be accomplished [3][5].
Before delving into the details of solutions presented in [3] and [5], it is worth discussing in which cases non-equal/non-equal TA might be useful. Firstly, quite many NR bands are TDD, and in fact FR2 has only TDD bands defined. Accounting for the fact that TDD networks have to be synchronized and that FR2 inter-site distance is anticipated to be quite small, both zero TA and current TA options should in principle suffice. Furthermore, one could even argue that in dense FR1 and FR2 deployments zero and current TA options might yield almost the same result. There are of course also FDD bands defined for NR, which will be used as the "coverage" frequencies and for which there is no functional requirement to have synchronized base stations. Nevertheless, trying to apply advanced TA estimation methods to enable RACH-less feature for low-frequency non-synchronized FDD networks might have much bigger system implications than just TA estimation accuracy. And if low-frequency NR FDD networks are synchronized, then current TA should work for the same reasons as it does for RACH-less in the LTE FDD bands.  
[bookmark: _Toc16585848][bookmark: _Toc16604578][bookmark: _Toc16608148][bookmark: _Toc16853160]Proposal 1a:	"Zero TA" and "current TA" are the baseline options for the RACH-less feature in NR. 
Referring further to the details of the TA estimation techniques, one can classify them into network- and UE-based TA estimations. The premise idea behind the network-based TA estimations is that a UE is configured with a special reference signal, e.g. SRS, so that the network can estimate time difference as perceived by the source and target cells. Even though this method is relatively easy for the UE implementation, it will introduce a number of additional steps and delays into the handover procedure, so it is not entirely clear whether there will be any gains. As a simple example, once the source cell decides to execute handover, it will send the handover request message to the target, which in principle can immediately allocate the corresponding SRS resources that in turn can be signalled to the UE in the handover command message. However, instead of executing handover a UE will start SRS transmission to the target cell, which will not only delay the handover procedure, but will also compromise the link to the source cell as it is not likely to assume that SRS transmission will be possible to both source and target cells. 
As for the UE-based TA estimation, wide bandwidth DL reference signals, e.g., CSI-RS, can be configured at the target cell. However, as CSI-RS measurement of neighbouring cells is not a mandatory feature for the network, the same problem as with network-based TA estimation persists. The target cell can in principle allocate CSI-RS resources upon reception of the handover request messages from the source, but a UE will resort for spending more time on measuring the target cell instead of executing the actual handover procedure. 
[bookmark: _Toc16585849][bookmark: _Toc16604579][bookmark: _Toc16608149][bookmark: _Toc16853161]Proposal 1b:	Network- and UE-based TA estimation methods need overall system analysis and further input from RAN WG2 and WG3.  
2.2	Beam specific aspects for FR2
Another important aspect of the RACH-less feature is how the target allocates the UL grant so that a UE can send the handover complete RRC message. In case of LTE, the UL grant can be either pre-allocated or signalled dynamically via PDCCH, but regardless of the way it is conveyed for the UE the latter just uses the UL grant it has. And the same logical principle can be also assumed for NR FR1. However, the overall framework becomes more complex in NR FR2 due to the beam management aspects, as already presented in [3] and [4] . 
In the normal handover scenario, regardless of the best beam information signalled to the source cell in the measurement report, a UE would anyway measure target cell SSB and select the corresponding RACH resource. In other words, even though a UE may initially report target cell beam#1 as the best one, there is no issue if beam#2 becomes the strongest one by the time when a UE actually camps on the target cell. As for the RACH-less feature, in absence of the RACH phase, the target cell has no information about the beast beam as perceived by the UE, and the only information that the target cell might have is what a UE reports before handover. Thus, the (per-)allocated UL grant will be logically associated with the corresponding beast beam(s) unless of the course UL grants are pre-allocated at all the directions. Should be the strongest beam change as perceived by the UE, it is not so clear what the overall system behaviour should be.
[bookmark: _GoBack]In the simplest case, it is practical to consider a solution when a UE just fallbacks to the legacy RACH procedure if it detects that the best beam measured in the target cell after handover does not correspond to the allocated UL grant. Indeed, if the network just allocates one UL grant for the best beam based on the information in the measurement report, then the safest option would to fallback. Otherwise, all the UL transmissions might continuously fail leading to the expiry of the RRC T304 timer, after which the re-establishment procedure will be initiated.
[bookmark: _Toc16608150][bookmark: _Toc16853162]Proposal 2a:	A UE can fall-back to the legacy RACH procedure if there is no UL grant associated with the best beam measured in the target cell after handover.
As mentioned in [4], a more versatile network implementation might consider allocating more than UL grant. Even though the exact number of allocated UL grants will be up to the network implementation, we do not anticipate that all the beams will have associated grants as it might cause quite a noticeable system overhead and waste of system resources. As an example, the target cell may allocate UL grants associated with e.g. first, second and third strongest beam as reported by UE following the assumption that if the best beam changes after handover, then most likely it will be the second or the third strongest beam. From the UE implementation perspective, the same principle as in Proposal 2a can be followed: either a UE selects the UL grant associated with the best beam or just fall-backs to the legacy RACH procedure.     
[bookmark: _Toc16604580][bookmark: _Toc16608151][bookmark: _Toc16853163]Proposal 2b:	The network may allocate more than one UL grant associated with different SSBs (the exact number is up to the network implementation).
[bookmark: _Toc16608152][bookmark: _Toc16853164]Proposal 2c:	If there is UL grant associated with the best beam, a UE will choose it; and otherwise will fall-back to the legacy RACH procedure.  
As a more advanced optimization, RAN WG4 can contemplate an approach when a UE is still allowed to select the UL grant associated with the non-best beam provided that the corresponding beam and the best beam performance difference is within certain performance limits. The rationale behind this approach is that if the network has e.g. 32 beams, then it might be sufficient to allocate UL grants associated with e.g. first and the third best beams. If after handover the second beam becomes the best one, then a UE can use UL grant associated with either the first or the third beam depending on measured beam quality.
[bookmark: _Toc16604582][bookmark: _Toc16608153][bookmark: _Toc16853165]Proposal 2d:	RAN WG4 can investigate further whether a UE can use the UL grant associated with e.g. the second or third strongest beam.  

3	Conclusions
In this discussion paper we have presented our further considerations the timing adjustment and beam related aspects for the RACH-less handover in the NR networks. In short, our view is that "zero TA" and "current/equal TA" are good baseline options for NR synchronized networks, which will be the case for TDD bands. Further enhancements in the TA estimation technique are likely to involve further interactions between the source and target cells, which will not necessarily decrease the overall handover time.  As for the FR2 beam related aspects, our view is that if a UE  
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