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1. Introduction
At RAN#86 it was decided to introduce a new WI “New WID: Solutions for NR to support non-terrestrial networks (NTN)”. The scope of the WID contains [1]:
	The following user plane procedures enhancements should be specified (see TR 38.821)
· MAC
· Random access:
· Definition of an offset for the start of the ra-ResponseWindow for NTN.
· Introduction of an offset for the start of the ra-ContentionResolutionTimer to resolve Random access contention
· [bookmark: _Hlk42640042]Solutions for resolving preamble ambiguity and extension of RAR window.
· Adaptation for Msg-3 scheduling
· Only for the case with pre-compensation of timing and frequency offset at UE side)


In this contribution, we discuss the impact of TA pre-compensation on RACH capacity and propose solutions.
 2. Discussion
2.1 Preamble ambiguity and limited ROs
In a terrestrial cell, a maximum Round Trip Time (RTT) is considered when choosing a preamble format due to UEs not being initially UL synchronised. By having a long enough preamble receiving window, the gNB allows both cell-centre and cell-edge UEs to send their preamble within a certain time window, the preamble receiving window.
Larger cells in NTN however introduce larger RTT, which may cause a preamble to be received out of its intended receiving window, this introducing the preamble ambiguity problem, as described in the study [2]:
Based on the current specs, the ambiguity of preamble reception can only be avoided by solution (1), i.e. proper configuration of RACH resource, in which case the time interval between two consecutive RO is larger than the maximum delay difference*2 within the cell.
…
Referring to Table 6.3.3.2-2 to Table 6.3.3.2-3 in TS 38.211, only limited PRACH configuration can meet the requirement on RO interval at time domain, which can significantly impact the RACH density to be supported in time domain.
Solutions to solve preamble ambiguity include spacing PRACH ROs adequately in time, preamble division (whereby preambles are mapped to adequately spaced ROs) as well as frequency hopping. All these solutions lead to lower RACH capacity by spreading PRACH resources, either in time, in groups or in frequency.
Observation 1: Avoiding preamble ambiguity leads to a reduced number of ROs per unit of time, which has a negative impact on supported UE density
Proposal 1: RAN2 to solve the problem of the limited amount of ROs and RACH capacity due to resolving preamble ambiguity
2.2 Solutions to limited ROs
In the following, we discuss possible solution to solve RACH capacity issues. There are at least 3 options, where the first two options are traditionally considered:
· Option 1: Increase ROs
· Option 2: Reduce the RACH load
· Option 3: Separate RACH resources depending on UE RACH utilization
Option 1 is the most straightforward and can be adjusted through PRACH configuration in the SIB1, however this means using more resources for PRACH at the cost of actual data for e.g. PUSCH and PDSCH. This solution does not solve previous collisions and takes time to adjust as UEs need to acquire updated SI. Another issue might be that even the highest PRACH configuration may not provide enough ROs in NTN due to preamble ambiguity issue.
Observation 2: The amount of ROs per second may be limited in NTN
Option 2 consists in spreading the load to avoid collisions and congestions. The two main ways to achieve this to bar new UEs from attempting RA or have UEs that failed to backoff for a random amount of time. This solution is particularly effective for resolving very bursty traffic peaks but only works if the traffic comes back to normal shortly and is not a sustainable approach if we aim to serve a high number of UEs over time. This also has the negative effect to cause potentially high delays.
Observation 3: Mechanisms to reduce the RACH load cause delay and should be used to spread high traffic burst over time
Option 3 assumes that UEs with different RACH utilization/requirements coexist, e.g. high priority UEs close to the cell and low-priority cell-edge UEs. In this case, separating resources to allow one group to be better served can be an option.
During the study [2], it was confirmed that with assumption on pre-compensation of timing and frequency offset at UE side for UL transmission, existing Rel-15 PRACH formats and preamble sequences can be reused. Otherwise, enhanced PRACH formats and/or preamble sequences should be supported:
6.3.3	Random access
According to the simulation assumptions in Table 6.1.2-2, the performance of Rel-15 PRACH design is verified in several typical scenarios for NTN as listed in Table 6.1.2-3.
Based on the results summarized in [49], [50], it is observed that with assumption on pre-compensation of timing and frequency offset (e.g., if UE knowledge of geo-location of the UE at the requisite level of accuracy is available) at UE side for UL transmission, existing Rel-15 PRACH formats and preamble sequences can be reused. The necessity of additional enhancements, e.g., repetitions and/or larger sub-carrier spacing, to ensure UL coverage can be further discussed in the normative work.
However, in case pre-compensation of timing and frequency offset is not performed at UE side for UL transmission, enhanced PRACH formats and/or preamble sequences should be supported with following options:
…
Further discussions to down select these candidates are needed in the normative work
However, if pre-compensation is not achieved at UE side but e.g. through a broadcasted common TA (“For UE without location information, broadcasting a common TA”[2]), or if no pre-compensation is achieved at all, then “enhanced PRACH formats” will be considered. These UEs will have much higher RACH utilization than UEs with accurate pre-compensation.
Based on the discussions above, we propose to introduce separate RACH resources between UEs achieving pre-compensation at UE side and other UEs (Option 3), which will allow more efficient RA utilization.
Observation 4: Introducing separate RACH resources depending on pre-compensation would allow more efficient RA utilization.
Proposal 2: RAN2 to support separated RACH resources depending on whether pre-compensation is achieved at UE side for UL or not.
However, it would not be sufficient to solve the RACH capacity issue, so we also propose to have further detail discussion for above options as well as any other potential options to solve RACH capacity issue.
Proposal 3: RAN2 to discuss other possible options to solve the issue of limited RACH capacity.
3. Conclusion
In this contribution, we observed and proposed the following:
Observation 1: Avoiding preamble ambiguity leads to a reduced number of ROs per unit of time, which has a negative impact on supported UE density
Proposal 1: RAN2 to solve the problem of the limited amount of ROs and RACH capacity due to resolving preamble ambiguity
Observation 2: The amount of ROs per second may be limited in NTN
Observation 3: Mechanisms to reduce the RACH load cause delay and should be used to spread high traffic burst over time
Proposal 2: RAN2 to support separated RACH resources depending on whether pre-compensation is achieved for UL or not.
Observation 4: Introducing separate RACH resources depending on pre-compensation would allow more efficient RA utilization.
Proposal 2: RAN2 to support separated RACH resources depending on whether pre-compensation is achieved at UE side for UL or not.
Proposal 3: RAN2 to discuss other possible options to solve the issue of limited RACH capacity.
References
[1] RP-201256, Solutions for NR to support non-terrestrial networks (NTN), Thales
[2] 3GPP TR 38.821 V16.0.0
[3] R1-1913312, Summary of 7.2.5.3 on UL timing and PRACH for NTN, ZTE
