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1. Introduction
Initial access includes functions such as cell search and synchronization, system information delivery, cell selection/reselection and random access. It has significant impact on several NR KPIs [1], for example control plane latency, coverage, connection density and network energy efficiency.
In the RAN1 #86 meeting, some key agreements have been made as follows [2]: 
	Agreements:
· The design of the random access procedure should take into account the possible use of single-beam and multiple beam operations, including
· Non Rx/Tx reciprocity at BS or UE
· Full or partial Rx/Tx reciprocity at BS or UE
· In case that multiple beam-forming is applied to DL broadcast channels/signals for initial access, 
· RACH resource is obtained by UE from detected DL broadcast channels/signals
· FFS: Details on association
· Other mechanism w/o association is also considered
· Multiple occasions for RACH preamble transmission in a given time interval are considered
· Details are FFS
· Other mechanism is not precluded
· Study further RACH reception/RAR transmission in TRPs/beams other than the one transmitting synchronization signals




In this contribution, we discuss unified random access for single-beam and multi-beam operation with different channel reciprocity assumptions. Furthermore, idle mode and connected mode random access are discussed.
2. Unified Random Access Framework
NR random access needs to support TRPs and UEs that use single-beam and/or massive multi-beam transmission in various combinations, preferably in a unified framework.
In the multi-beam scenario, the overhead and complexity of random access can be greatly reduced if Tx/Rx reciprocity at TRP and/or UE is available. This is because TRP and/or UE may regard the best or acceptable Tx (or Rx) beam as the best or acceptable Rx (or Tx) beam. Random access exploiting various levels of reciprocity is discussed in more detail in [3][4]. 
Proposal 1: NR random access makes use of Rx/Tx reciprocity, when available at TRP and/or UE, to reduce the need for beam sweeping.
However, there are also situations where Tx/Rx reciprocity is unavailable or not reliable. Therefore, mechanisms that ensure coverage performance of initial access without Tx/Rx reciprocity should be supported by NR. Meanwhile, a unified initial access framework to cover all cases is preferred.
Proposal 2: NR initial access should support random access also without Tx/Rx reciprocity within the same framework as with Tx/Rx reciprocity.
In our companion contribution [5], it is proposed to introduce a flexible DL Sweeping Time Interval (STI) framework, in order to satisfy the requirements of multi-beam operation and ensure coverage of the signal/channels related to initial access. A DL sweeping time interval consists of one or more DL sweeping blocks, which each contains signals for initial access, such as synchronization signal (SS). The discussion about STIs targets at least idle mode random access, since connected mode UEs may be configured with a more efficient random access, as discussed further below. However RAN2 has agreed to prefer that for mobility with RRC involvement, UEs should be able to use non-UE specific RS for measurements, which in our view includes non-UE specific RS in DL STIs [6].
The STI-based framework of initial access is briefly described below.
· DL synchronization.
The UE obtains DL synchronization and system information related to initial access, e.g. PRACH and DL/UL STI configuration from signals in DL STI. Additionally, the UE can determine the DL SB with the strongest received signal, which in the multi-beam case would correspond to the strongest TRP Tx beam. The UE can also determine the corresponding best UE Rx beam, for example by Rx beam sweeping across multiple DL STIs.
· UL synchronization
Similarly to DL STI, there is also an UL STI defined, which contains one or more UL SBs. The UL STI is used for PRACH transmission, where one UL SB corresponds to one occasion.
Transmission of MSG1
Before sending PRACH preamble, the UE needs to know the UL SB(s) in which PRACH preamble(s) should be sent such that TRP can receive it. This knowledge can be derived from the information and measurements obtained during DL synchronization. 
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[bookmark: _Ref458776356]Fig 1 Example of UL SB determination when Tx/Rx reciprocity at the TRP is available
For example, if beam sweeping is used by TRP and Tx/Rx beam reciprocity at TRP is exploited, the TRP can indicate to the UE (e.g. in SI) that there is a one-to-one mapping between SBs in DL STI and UL STI, as shown in Fig 1. The UE should send PRACH preamble in the UL SB corresponding to the DL SB in which the best or an acceptable signal strength is detected. Additionally, if TRP wants to further increase the robustness of preamble detection, it could request the UE (e.g. in SI) to also send preambles in another N neighboring UL SBs (as shown in Fig 2). However, it may be useful if the TRP can deduce the best TRP Tx beam from the detected preamble. Hence, if multiple TRP Tx beams are mapped to the same UL SB, for instance due to repetition in N neighboring UL SBs, then the best TRP Tx beam can be indicated by the used preamble index or frequency resource. Another situation where this could be useful is if one DL SB contains multiple beams that the UE can distinguish, for example by transmission on different RS ports. Then, even though those beams are mapped to the same UL SB, the best beam can be indicated by the preamble index of frequency resource.
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[bookmark: _Ref458776365]Fig 2 Example of UL SB determination when Tx/Rx reciprocity at the TRP is NOT Reliable
If the Tx/Rx reciprocity at the TRP is not reliable and TRP Rx beam sweeping is needed, then the TRP can request the UE (e.g. in SI) to repeat the preamble transmission on multiple UL SBs. Moreover, a TRP can also indicate (e.g. in SI) that beam sweeping is not used or there is only one beam (i.e. single beam), which means that any UL SB (if more than one) can be selected for preamble transmission.
Proposal 3: TRP should provide information to assist UE to determine UL SB(s) for preamble transmission, e.g. in SI.
If the UE uses multi-beam transmission, it should also determine the UE Tx beam direction. When Tx/Rx reciprocity is available at UE, it can use the UE Rx beam direction determined during DL synchronization as the UE Tx beam direction for the preamble transmission. Otherwise, the UE can send preambles with different UE Tx beam directions in different UL SBs and/or in different UL STIs. In LTE, the UE transmits another preamble only if RAR is not received within a RAR window. In NR, UE transmission of multiple preambles with different Tx beam directions before RAR is received can be considered in order to support beam sweeping with various levels of reciprocity and to speed up the random access procedure.
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Fig 3 Example of preamble transmission when UE Tx/Rx reciprocity is NOT Reliable
Proposal 4: NR should support multiple preamble transmission before RAR is received
Transmission of MSG2
For the RAR transmission, both closed loop and open loop based schemes can be studied for multi-beam based transmission by the TRP. 
With open loop schemes, the TRP does not need to know which TRP Tx beam that is best, i.e. no feedback or indication is needed. Instead, the RAR is transmitted by TRP in all beam directions. Open loop schemes result in low UL overhead at the cost of DL performance degradation.
With closed loop schemes, the UE indicates the best TRP Tx beam to be used for RAR transmission. The best TRP Tx beam can be indicated by the UE’s selection of UL SB (corresponding to best DL SB) and/or PRACH preamble. Closed loop schemes may incur higher UL overhead especially when Tx/Rx reciprocity at TRP is not available, i.e. more PRACH resources may be needed in order to indicate the beam for RAR transmission. However, UL overhead can be reduced when Tx/Rx reciprocity at TRP is available. 
In addition to open and closed loop schemes, we can also consider hybrid scheme which is a tradeoff between DL performance and UL overhead. 
Proposal 5: Open loop, closed loop and hybrid schemes for RAR transmission should be studied by RAN1.
Transmission of MSG3
As discussed above, if beam sweeping is used and Tx/Rx reciprocity is not ensured at UE side, the UE may continuously send preambles with different UE Tx beam directions in different UL SBs and UL STIs before a RAR is received. Therefore, the TRP should indicate the UL STI and UL SB that a RAR corresponds to. With this information, UE can deduce the best UE Tx beam for the transmission of MSG3.
Proposal 6: The RAR should indicate to which UL SB and UL STI it corresponds.
Transmission of MSG4
For MSG4, the same transmission scheme as RAR can be used. Furthermore, it is also possible for the TRP to use more sophisticated schemes since more information can be fed back via MSG3.
3. Random Access for Connected Mode and Forward Compatibility
Random access is not only used in initial access by idle UEs, but also by UEs in connected mode. The purpose may be for example UL synchronization establishment, handover, positioning or as scheduling request. However, note that detailed uses for connected mode (dedicated) random access in NR are still to be defined by RAN2. Furthermore, RAN2 also discusses a new connected mode state in NR, with properties somewhere between idle mode and “connected active”. Also UEs in such a state may use connected mode random access.
UEs in connected mode differ from idle UEs in that they have an RRC configuration, which often includes UE specific RS and measurements. In our companion contribution [7], we provide more details on measurement RS in NR, including beam RS (BRS), which are very useful for connected mode mobility. Given that connected mode mobility based on UE-specific BRS is more flexible and efficient than idle mode mobility based on NR cells, it is reasonable to consider also contention-based random access based on BRS. This is particularly useful in scenarios with many TRPs and/or beams per NR cell, as further discussed in [4][8]. For example, the best BRS can be associated with a group of time/frequency/preamble resources, which would indicate directly to the receiving TRP which TRP and/or beam to use for fast RAR transmission.
Connected mode UEs could be configured with time/frequency resources for random access additional to those defined for idle UEs in the UL STIs. However, connected mode UEs could also be configured to share the resources in the UL STIs with idle UEs. Therefore it is important to allow sufficient configurability in the set of preambles used by idle UEs. In LTE, the set of preambles available for idle mode UEs can be configured between all 64 preambles to only 4 of all 64 UEs. Such flexibility is important also in NR, not only to allow for efficient connected mode random access, but also for forward compatibility.
Proposal 7: RAN1 should study random access for connected mode UEs, based on RS for connected mode mobility.
Proposal 8: The group of preambles available to idle mode UEs should be configurable, with at least the same level of flexibility as in LTE.
4. Conclusions
The following proposals have been made: 
Proposal 1: NR random access makes use of Rx/Tx reciprocity, when available at TRP and/or UE, to reduce the need for beam sweeping.
Proposal 2: NR initial access should support random access also without Tx/Rx reciprocity within the same framework as with Tx/Rx reciprocity.
Proposal 3: TRP should provide information to assist UE to determine UL SB(s) for preamble transmission, e.g. in SI.
Proposal 4: NR should support multiple preamble transmission before RAR is received
Proposal 5: Open loop, closed loop and hybrid schemes for RAR transmission should be studied by RAN1.
Proposal 6: The RAR should indicate to which UL SB and UL STI it corresponds.
Proposal 7: RAN1 should study random access for connected mode UEs, based on RS for connected mode mobility.
Proposal 8: The group of preambles available to idle mode UEs should be configurable, with at least the same level of flexibility as in LTE.
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