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Introduction
[bookmark: _GoBack]Initial access is a procedure that is both very important and involves cross-working group issues. For instance, the use of beamforming/beam sweeping may have implications for both RAN1 and RAN2. To ease alignment and provide a clear basis and common understanding, it is appropriate to provide an overall description of the initial access procedure, at least up to the point where RRC and NAS signalling commences. Such an overview is provided in this contribution.
[bookmark: _Ref178064866]Discussion
Beamforming and RACH 
In LTE, before accessing the cell the UE uses the PCI to derive CRSs (transmitted in all subframes all over the frequency band) that may be used to decode the PBCH carrying the MIB and PDCCH/PDSCH carrying further SIBs containing the PRACH configuration. In LTE, there is only a single PRACH configuration per cell, such as the uplink time-frequency resources to transmit the preamble on. 
In LTE there is a single PRACH configuration per cell.
In NR, it has been agreed in RAN1 that both single beam and multi-beam operations should be supported. For an RRC_IDLE or RRC_INACTIVE UE, in the single beam case, the signals and physical channels monitored in these states will be transmitted in a single beam, i.e. omnidirectional/sectorized as in LTE, while in the multi-beam case the monitored signals and channels will be transmitted using beam sweeping. 
Previous agreements include that the combination NR-PSS/NR-SSS/NR-PBCH constitutes a so-called SS Block. RAN1 has also agreed that the UE shall be able to identify the OFDM symbol index, slot index in a radio frame and a radio frame number from an SS Block. A beam index (or time information) carried by the NR-PBCH will aid the UE to identify the symbol index and slot index. 
The SS Block will be composed by NR-PSS/NR-SSS/NR-PBCH and a beam index encoded in the NR-PBCH.
An RRC_INACTIVE or RRC_IDLE UE should assume that a number of SS Block transmissions can form an SS Burst and a number of SS Bursts can form an SS Burst Set, where SS Burst Sets are transmitted with a given periodicity between 5 and 80 ms. In the single beam scenarios, the network could configure time-repetition within one SS Burst in a wide beam. In multi-beam scenarios, at least some of these signals and physical channels (e.g. SS Block) would be transmitted in multiple beams.
SS Block contains the NR-PSS/NR-SSS/NR-PBCH. In multi-beam scenarios the SS Block will be transmitted in multiple beams, together forming an SS Burst. If multiple SS Bursts are needed to transmit all beams, these SS Bursts together form an SS Burst Set.
[image: cid:image001.png@01D282EB.49187230]
[bookmark: _Ref470166944]Figure 1: Examples of different configurations of an SS Burst Set. Top: Time-repetition within one SS Burst in a wide beam. Middle: Beam-sweeping of a small number of beams using only one SS Burst in the SS Burst Set. Bottom: Beam-sweeping of a larger number of beams using more than one SS Burst in the SS Burst Set to form a complete beam sweep.
In the multi-beam case, for the same cell, NR-PSS/NR-SSS/NR-PBCH could be simply be repeated to support cell selection/reselection and initial access procedures, but there could still be some differences in the conveyed PRACH configuration implied by the beam index on a beam basis within an SS Burst. Under the assumption that NR-PBCH will carry the PRACH configuration, an NR cell may broadcast PRACH configurations, possibly per beam, where the beam index may be utilized to imply the PRACH configuration differences. The PRACH configuration is included in SIB1, but is also implicitly indicated by an index in the MIB carried by the NR-PBCH, where this index, together with the PCI, points out the PRACH configuration in SIB1. Provided that the UE has previously acquired and stored the system information (in the same or another cell), the UE can use the index combined with the PCI to identify the PRACH configuration in its stored system information. Since the PCI is not unique across the entire network a SI Area ID on the NR-PBCH is associated with the multi-cell system information and also stored in the UE together with the stored system information. The UE thus checks the SI Area ID on the NR-PBCH to confirm that its stored system information is valid in the cell.
Beam-specific PRACH configurations can be useful in RACH preamble reception and RAR transmission. In that case, when the UE sends, for example, a preamble in a beam-specific time/frequency slot associated with one or multiple SS Block transmissions, then the gNB can use the appropriate RX beamforming when receiving the preamble in that time/frequency slot and use the corresponding DL beam when transmitting the RAR. Hence, beam-specific PRACH configurations allow the gNB to direct its RX beamforming in the direction of the same beam when monitoring the associated PRACH resources. Usage of such beam-specific PRACH configuration has been agreed in RAN1.
Beam-specific PRACH configuration within the same cell can be helpful for PRACH preamble detection on the network side. This has been agreed in RAN1.
In addition to PRACH time and frequency resources per SS Block and beam or per group of SS Blocks and beams it may be beneficial to have some partitioning of the preamble set per beam within a group of beams associated with the same PRACH time and frequency resources within the same cell. Configuring different sets of PRACH preambles through different SS Block beam transmissions enables a gNB that lacks support for directional reciprocity to identify the SS Block beam the UE has received the PRACH configuration from in the case where a group of SS Block beams correspond to the same PRACH time/frequency resources, based on the received preamble. This beam is likely to be the best DL beam (e.g. have the highest SNR/SINR) the UE has detected within that cell and the gNB can then choose to use the same beam for the RAR transmission. Such preamble partitioning is particularly useful in case a group of SS Block beams are associated with the same PRACH resources, in which case the preamble will inform the gNB of which of the SS Block beams in the group the UE received.
Beam-specific PRACH preamble partitioning within the same cell can be helpful for distinguishing multiple DL beams associated with the same time-frequency PRACH configuration, so the network can transmit the RAR in the best DL beam.
Thanks to the mapping between DL beams and PRACH configuration, e.g. time/frequency slot and possibly preamble partitioning, the network can assume that the UE is under the coverage of a given DL beam or at least a subset of them in each cell. That enables the network to send a RAR in this best DL beam and/or perform a more optimized beam sweeping procedure i.e. not transmitting the same RAR message in all possible beams (e.g. transmitting the RAR in only a single beam as in the figure below).
[image: ]
Beam-specific PRACH configuration has a built-in initial DL beam selection from the network side and consequently enables the network to optimize the beam sweeping of the RAR (e.g. using only a single beam) and subsequent RRC messages to establish or resume an RRC connection.

Control plane latency and random access
Control plane latency refers to the time to go from a state optimized for UE energy savings to a state optimized for data transmission when the UE has UL data to transmit. In NR, it seems clear that this latency should be measured at least as the latency to perform a transition from RRC_INACTIVE to RRC_CONNECTED state.
As agreed in RAN2, an RRC_INACTIVE UE should perform cell reselection and according to current RAN1 agreements the reselection decision should be based at least on measurements on the NR-PSS/NR-SSS [1]. In the multi-beam case, theNR-PSS/NR-SSS will be beamformed and there is an ongoing discussion about how the UE should perform measurements in RRC_INACTIVE or RRC_IDLE state to decide which cell to camp on (e.g. average of N strongest SS Blocks, only the strongest SS Block, etc.). 
Regardless of that discussion on cell reselection criteria, once the UE is camping on a given cell and triggers an uplink transmission, the UE should trigger a RACH procedure. Based on the previous discussion of a per beam PRACH configuration, a possible solution having similar principles as in LTE could be that upon every cell reselection the UE acquires a PRACH configuration per beam associated with the SS Block in the best beam (i.e. the best DL beam among the ones in the cell the UE is currently camping). In a mobile originated (MO) transmission case, the UE wakes up from DRX and checks whether the currently best SS Block beam is still the same SS Block beam whose associated PRACH configuration has previously been acquired. If yes, the UE accesses the cell using that PRACH configuration. If no, the UE acquires the PRACH configuration of the new best SS Block beam and accesses the cell by transmitting a preamble in accordance with the retrieved PRACH configuration.
This possibility is like LTE in the sense that the UE acquires system information before camping and upon cell reselection. Then, when it wants to access the cell it simply double-checks whether it is still under the coverage of the same cell and whether the cell still has good enough quality. However, such a solution in LTE is possible only thanks to the CRSs, available in all subframes. In NR, with the lack of “always-on” CRS transmitted in all subframes, the UE would need to wait a certain amount of time after waking up until it can double-check whether it is still in the coverage of the same cell and/or if it is still within the coverage of the same best DL beam, so that the previously acquired PRACH configuration can be assumed to be valid. In addition to that, the fact that there is only a single PRACH configuration per cell in LTE and the fact that omnidirectional/sectorized transmission is used for the CRSs facilitate the assumption that once the UE has checked that this is the same cell, it also knows that it has previously acquired the PRACH configuration to be used. 
In LTE, always-on CRSs transmitted in all subframes enable an RRC_IDLE UE to quickly double-check whether it is in the coverage of the same cell or not and use a previously acquired PRACH configuration before accessing a cell it is camping on.
Even though CRSs provide the benefits described above, that does not come for free and RAN1 (responsible for defining RS) is going in a different direction where always-on signals are minimized and not transmitted in every subframe. Hence, independently of the discussions on periodicity of SS Bursts or SS Burst Sets, the same principles as in LTE cannot be applied in NR without negative consequences. The result of applying the LTE principles in NR would be that when a UE wakes up to trigger a MO transmission, it would always have to wait until it could detect whether it is under the coverage of the same cell and/or beam, which may be a non-negligible time given the sparse (compared to LTE) transmissions of the relevant signals (e.g. NR-PSS/NR-SSS). In addition to that, beamforming makes the situation even more challenging. Especially if we consider analog beamforming, where directions are basically multiplexed over time. In that case it may take even longer until the UE can hear its strongest DL beam again after it wakes up. 
Hence, it is important that RAN2 studies mechanisms where the UE should be able to transmit one or multiple PRACH preambles associated (via the PRACH configuration) with one or multiple SS Block beams without the need to wait for further occurrences of the SS Block transmission. 
A UE should be able to trigger random access by sending one or multiple PRACH preambles based on previously acquired PRACH configuration per beam in an opportunistic manner.
Conclusion
In section 2 we made the following observations:
Observation 1	In LTE there is a single PRACH configuration per cell.
Observation 2	The SS Block will be composed by NR-PSS/NR-SSS/NR-PBCH and a beam index, encoded in the NR-PBCH.
Observation 3	SS Block contains the NR-PSS/NR-SSS/NR-PBCH. In multi-beam scenarios the SS Block will be transmitted in multiple beams, together forming an SS Burst. If multiple SS Bursts are needed to transmit all beams, these SS Bursts together form an SS Burst Set.
Observation 4	Beam-specific PRACH configuration within the same cell can be helpful for PRACH preamble detection on the network side. This has been agreed in RAN1.
Observation 5	Beam-specific PRACH preamble partitioning within the same cell can be helpful for distinguishing multiple DL beams associated with the same time-frequency PRACH configuration, so the network can transmit the RAR in the best DL beam.
Observation 6	Beam-specific PRACH configuration has a built-in initial DL beam selection from the network side and consequently enables the network to optimize the beam sweeping of the RAR (e.g. using only a single beam) and subsequent RRC messages to establish or resume an RRC connection.
Observation 7	In LTE, always-on CRSs transmitted in all subframes enable an RRC_IDLE UE to quickly double-check whether it is in the coverage of the same cell or not and use a previously acquired PRACH configuration before accessing a cell it is camping on.

Based on the discussion in section 2 we propose the following:
Proposal 3	A UE should be able to trigger random access by sending one or multiple PRACH preambles based on previously acquired PRACH configuration per beam in an opportunistic manner.
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