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Discussion and Decision
1      Introduction
Random access procedure is important as it provides the procedure for the UE to originate communication with the network when the UE is not allocated with any dedicated resources to access the network. 

In this contribution, we first look at the LTE random access procedure to understand what can be reused in NR and then discuss the factors introduced by NR that may impact the random access design of NR.
2      Discussion
2.1     High level random access for NR 
In LTE, the random access procedure is performed for initial access and any scenarios where the UE has no direct or dedicated means of communicating with the eNB, e.g. no dedicated SR, UL not time-aligned while there is available DL/UL data, handover to a new target cell not synchronised with the previous cell or loss connection with the eNB (e.g. RLF). These scenarios are still applicable scenarios for random access in NR.
Proposal#1: Random access procedure in NR is performed during initial access and any scenarios where the UE has no direct/dedicated means of communicating with the gNB (e.g. no dedicated SR, UL timing is not synchronized in case of UL/DL data arrival, handover to target gNB) or loss connection with the gNB (e.g. radio link failure) 

There are 2 flavours of random access in LTE: Contention based and Non-contention based random access. Non-contention based random access procedure is used in cases where the data or command is originated from the network and the eNB can optionally send dedicated random access resource (e.g. dedicated preamble etc.) to the UE to reduce the user plane data interruption. Such scenarios will still arise in NR and thus it is proposed to support non-contention based random access.
Proposal#2: Contention-based and non-contention based random access should be supported in NR.

The following shows the contention based random access procedure and the non-contention based random access in LTE:
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Figure 1: Contention-based (left figure) and non-contention-based (right figure) random access procedure in LTE
These high level steps of the random access procedure will still be needed in NR.
Proposal#3: The high level steps used in LTE for contention-based and non-contention random access procedure can still be used also for NR random access procedure.
2.2     Lesson learnt from LTE
In LTE Rel-8, the preambles are partitioned into preamble group A and B. Which preamble group to be used by the UE for preamble transmission depends on the pathloss estimate at the UE. Based on the preamble transmitted by the UE for the eNB, the eNB can determine the Message 3 size to allocate at the Message 2 RAR. This is particularly useful for the case the random access is triggered by UL data availability as the eNB can allocate more UL grant if it has UL resources. In NR, it is quite likely that Message 3 can also transmit user data other than just MAC and RRC signalling. Hence such PRACH resource partitioning may also be useful for NR.

Another factor that affects the maximum Message 3 size is the control plane latency requirement for a particular service. To meet certain coverage (i.e. a certain maximum pathloss) and control plane latency, the number of HARQ operating points for Message 3 has to be restricted. In LTE, to meet both requirements, the maximum TBS for Message 3 is set to 56bits. However, such control plane latency requirement may be differed for different service and hence the Message 3 size can be different between services (e.g. eMBB may require a control plane latency less stringent than URLLC but more stringent than mMTC) if needed. Hence the HARQ operating point can also be different and thus allowing different Message 3 size to be used. For example, larger Message3 maybe beneficial for the UE to convey more information or even user traffic in order to reduce the UE-eNB exchanges for short transmission and hence reduce UE power consumption.  Therefore, it would seem good to know what services are initiating the random access in order to determine the maximum Message 3 size. If possible, it would also be good to hint on the possible size of the data to be sent in Message3 in Message1.
Observation#1: Maximum Message 3 size may be affected by pathloss at the UE and latency requirement depending on the services type involved
Observation#1_1: It would also be good to hint on the possible size of the data to be sent in Message3 in Message1.

In Rel-12 MTC and Rel-13 NB-IoT, the PRACH resources (i.e. time, frequency and preamble resources) are used to indicate the coverage enhancement level of a UE in a serving cell. Such coverage enhancement can also be applied to normal LTE UE. It is required to be done on Message 1 (PRACH preamble) because the eNB needs to determine the amount of repetitions and MCS required for Message2 onwards based on Message1. Suppose that this is also required for normal NR UEs (e.g. eMBB UEs), this will also need to be considered for eMBB NR. Even if this is not the case, it has to be considered for mMTC from forward compatibility point of view.
Observation#2: Coverage enhancement may need to be considered for eMBB and mMTC NR random access
Related to coverage enhancement support is the possibility of the introduction of much reduced power class for low cost mMTC device. Because of the reduced UL coverage, the UE in enhanced coverage area may have to use the repetition level of a higher coverage enhancement level to transmit the Message1. However, the repetition level of Message2 has to be at the right coverage enhancement level. Such UE may have to indicate whether it has used a different coverage enhancement level for Message1 to the eNB so that the eNB can set the right coverage level for the DL message (i.e., Message2 and Message4). Even though such power class UE may not likely happen in eMBB and URLLC UEs, it may happen in mMTC UEs from forward compatibility point of view.
Observation#3: Reduced power class UE needs to be considered for mMTC NR from forward compatibility point of view.

Following the low cost/complexity UE requirements from reduced power class UE; in MTC and NB-IoT, the UL/DL transport block size and bandwidth supported may also be restricted to reduce memory and RF cost, respectively. When the network needs to know the transport block size restriction may depend on when larger transport block size usage is possible (e.g. at Message2, or at Message3 etc.). Such transport block size restriction may also need to be considered for low-cost/complexity mMTC UEs from forward compatibility point of view.

Observation#4: Transport block size restriction may need to be considered for NR random access from forward compatibility point of view.

As for bandwidth, NB-IoT has a bandwidth restriction of 1PRB and uses a single-tone design for the PRACH (i.e. Message1) and partitions on the frequency domain to indicate optionally whether the UE supports single-tone or multi-tone for Message3 and onwards. For Rel-13 MTC and LTE, even though MTC has bandwidth restriction of 6PRBs, the same PRACH design is used in both services. It seems desirable that a unified PRACH design should be used for all services and bandwidth for NR. On the indication of different bandwidth supported by UEs, in MTC, eNB can configure different PRACH resources for UE operating MTC and for normal LTE UE. For NR, such flexibility may also be needed as it depends on when the gNB needs to use the bandwidth supported by the UE.
Observation#5: For NR, a unified PRACH design should be used for all services and bandwidth. 
Based on Observations#1 to #5, it can be seen that NR also has to consider the above into consideration when designing the PRACH and Message3 and Message5 of the random access procedure. Furthermore, it is observed that UE may want to indicate its support or desire, e g. bandwidth, coverage enhancement etc. in Message1 and the PRACH design should allow for flexible partitioning of resources in frequency domain, time domain and code domain as a baseline.
Proposal#4: NR should consider all the following into considerations when designing the PRACH and Message3 and Message5 of the random access procedure:

· Message3 size

· Coverage enhancement

· UE power class

· Transport block size restriction

· Bandwidth restriction/Bandwidth supported by UE
· Service type

2.3     Further considerations for NR random access
2.3.1 Numerology support
In NR, NR UEs can support single or multiple numerologies. There are 2 approaches of indicating the numerology supported/required by the UE:
1) PRACH resources supporting single reference numerology and UE indicates its supported numerology via PRACH resources (i.e. partitioning in frequency, time and preamble) or in subsequent message (such as Message3 or Message5)
2) PRACH resources supporting multiple numerologies and UE selects the PRACH resources corresponding to its supported numerology

Approach 1) should be the baseline for the NR random access. Whether there is a need for Approach 2) depends on the need of PRACH resources supporting multiple numerologies (e.g. to fulfil the control plane latency requirement for URLLC for initial access etc.). This can be left for further study.
Proposal#5: As baseline, NR should consider the following approach for indicating the UE supported numerology: 
· PRACH resources supporting single reference numerology and UE indicates its supported numerology via PRACH resources (i.e. partitioning in frequency, time and preamble) or in subsequent message (such as Message3 or Message5)

2.2.2 Beam sweeping impact to random access
In high frequency band, it is essential to use beamforming to reduce the effect of pathloss. Without knowing which beam to transmit or receive, the UE and gNB may have to perform beam sweeping. RAN 1 has been discussing the beam sweeping impact to random access and has been studying how to reduce the beam sweeping delay with and without TX/RX reciprocity as follow:
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In order to avoid overlapping of work on the beam sweeping impact to random access procedure with RAN 1, it is proposed that RAN 2 wait for RAN 1 to progress further and RAN 2 impact can be discussed after RAN 1 have decided at which step of the random access the UE can provide assistance on the TX beam(s) at the gNB and vice versa.
Proposal#6: In order to avoid overlapping of work on the beam sweeping impact to random access procedure with RAN 1, it is proposed that RAN 2 wait for RAN 1 to progress further before RAN 2 start to analyse its impact to the random access procedure.
Apart from the beams of a TRP, each cell may consist of multiple TRPs. A preamble transmission from a UE may be received by more than one TRPs of the cell. If the TRPs are coordinated (i.e. the time and frequency domain of the RACH resource is aligned), the gNB can send the same RAR over on the TRPs that received the preamble at the expense of wasting resource. If the TRPs are not coordinated (or when the cell is large and the TRPs are far apart), the gNB/TRP can send the RAR independently over each of the TRP, which may result in wastage of DL resources for RAR to the same UE if the PRACH resources happen to overlap. 

Observation#6: If a preamble transmission from a UE is received by more than one TRPs, this may result in wastage of DL resources for RAR to the same UE
It is also possible that the same preamble received by the gNB may also be from different UEs. If the TRPs are coordinated, preamble collision occurs when the gNB does not know that it is from separate TRPs and from different UEs. If the TRPs are not coordinated, it may or may not result in a preamble collision depending on whether the frequency and time domain of the PRACH from the TRPs overlapped 
Observation#7: If the same preamble received by a gNB is from different UEs, preamble collision occurs but such collision can be resolved if the gNB knows that the preamble reception is from different TRPs and from different UEs 

The above observed scenarios can be resolved if PRACH resources are partitioned among the TRPs. However, it is unclear whether the association between the RACH resources and TRP is visible from the UE point of view. It is thus proposed that RAN 1 should progress sufficiently before RAN 2 work on this.
Proposal#7: RAN 2 should wait for RAN1 to progress further on the relationship between the RACH resources and TRP.
3      Conclusion
In this contribution, we consider the parameters that may impact the NR random access procedure design and has the following observations and proposal:
Proposal#1: Random access procedure in NR is performed during initial access and any scenarios where the UE has no direct/dedicated means of communicating with the gNB (e.g. no dedicated SR, UL timing is not synchronized in case of UL/DL data arrival, handover to target gNB) or loss connection with the gNB (e.g. radio link failure) 

Proposal#2: Contention-based and non-contention based random access should be supported in NR.

Proposal#3: The high level steps used in LTE for contention-based and non-contention random access procedure can still be used also for NR random access procedure.

Observation#1: Maximum Message 3 size may be affected by pathloss at the UE and latency requirement depending on the services type involved

Observation#1_1: It would also be good to hint on the possible size of the data to be sent in Message3 in Message1.Observation#3: Reduced power class UE needs to be considered for NR from forward compatibility point of view.

Observation#2: Coverage enhancement may need to be considered for eMBB and mMTC NR random access
Observation#3: Reduced power class UE needs to be considered for mMTC NR from forward compatibility point of view.

Observation#4: Transport block size restriction may need to be considered for NR random access from forward compatibility point of view.

Observation#5: For NR, a unified PRACH design should be used for all services and bandwidth. 

Proposal#4: NR should consider all the following into considerations when designing the PRACH and Message3 and Message5 of the random access procedure:

· Message3 size

· Coverage enhancement

· UE power class

· Transport block size restriction

· Bandwidth restriction/Bandwidth supported by UE

· Service type

Proposal#5: As baseline, NR should consider the following approach for indicating the UE supported numerology: 
· PRACH resources supporting single reference numerology and UE indicates its supported numerology via PRACH resources (i.e. partitioning in frequency, time and preamble) or in subsequent message (such as Message3 or Message5)

Proposal#7: In order to avoid overlapping of work on the beam sweeping impact to random access procedure with RAN 1, it is proposed that RAN 2 wait for RAN 1 to progress further before RAN 2 start to analyse its impact to the random access procedure. 

Observation#6: If a preamble transmission from a UE is received by more than one TRPs, this may result in wastage of DL resources for RAR to the same UE

Observation#7: If the same preamble received by a gNB is from different UEs, preamble collision occurs but such collision can be resolved if the gNB knows that the preamble reception is from different TRPs and from different UEs 

Proposal#7: RAN 2 should wait for RAN1 to progress further on the relationship between the RACH resources and TRP.
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