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1. Introduction

According to RAN2 #95 meeting [1], it is agreed that L2 functions and RRC in LTE as baseline, and the agreement is shown below. Hence random access procedure in LTE could be a good starting point to develop random access procedure for NR.

	Agreements:

1
The following aspects are captured as guidelines in the TR.


[…]

L2 functions and RRC in LTE as baseline


This contribution shows our opinions on commonalities of random access procedure between LTE and NR.
2. Discussion
In RAN1 #86 meeting [2], two agreements related to random access procedure in NR are listed below:
	Agreements:

1 RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is at least assumed for NR from RAN1 perspective
2 Study further RACH reception/RAR transmission in TRPs/beams other than the one transmitting synchronization signals


These agreements align with RAN2 assumption that LTE is considered as baseline. Besides, other aspects not covered by the agreements are discussed in the following.
2.1 Events to perform Random Access Procedure
In LTE, random access (RA) procedure is performed for the following events [3]:
	10.1.5
Random Access Procedure

[…]
The random access procedure is performed for the following events related to the PCell:

-
Initial access from RRC_IDLE;

-
RRC Connection Re-establishment procedure, except for NB-IoT UE using Control Plane CIoT EPS optimizations [20] only;
-
Handover, except for NB-IoT;
-
DL data arrival during RRC_CONNECTED requiring random access procedure:

-
E.g. when UL synchronisation status is "non-synchronised".

-
UL data arrival during RRC_CONNECTED requiring random access procedure:

-
E.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.

-
For positioning purpose during RRC_CONNECTED requiring random access procedure, except for NB-IoT;

-
E.g. when timing advance is needed for UE positioning.

The random access procedure is also performed on a SCell to establish time alignment for the corresponding sTAG.
In DC, the random access procedure is also performed on at least PSCell upon SCG addition/modification, if instructed, or upon DL/UL data arrival during RRC_CONNECTED requiring random access procedure. The UE initiated random access procedure is performed only on PSCell for SCG.


In NR, it is expected that initial access, RRC connection re-establishment, and handover are essential procedures to be supported in RRC. RA procedure would be in generally required for these procedures, e.g. except RACH-less handover. And performing RA procedure for SCG addition/modification is also essential for LTE-NR interworking, i.e. NR as SCG.
And it may be too early to discuss whether to perform RA procedure for DL data arrival, UL data arrival, positioning, TA of sTAG, or other new event(s) for NR.
Proposal 1:
Events to perform RA procedure in NR include at least:

- initial access

- RRC connection re-establishment

- handover

- SCG addition/modification

2.2 Contention of Random Access Procedure
In LTE, RA procedure has two distinct forms [3]:
	10.1.5
Random Access Procedure

[…]

Furthermore, the random access procedure takes two distinct forms:

-
Contention based (applicable to first five events);

-
Non-contention based (applicable to only handover, DL data arrival, positioning and obtaining timing advance alignment for a sTAG), except for NB-IoT.


In NR, at least for the cases of initial access and RRC connection re-establishment, contention based RA procedure is needed. And non-contention based RA procedure is beneficial in latency aspect and could be used for handover and SCG addition/modification. So, it is supposed that both contention based and non-contention based RA procedure would be supported in NR.
Proposal 2:
Both contention based and non-contention based RA procedure are supported by NR.
2.3 Random Access preamble resources

In LTE, preamble resources, e.g. PRACH resources and/or preamble index, are common in a whole cell. If it is also assumed in NR, e.g. PRACH resources and/or preamble resources are common for TRPs of the same cell, a contention based preamble transmitted by a UE may be received by multiple TRPs of the same cell which are close to the UE. An example of a UE and two TRPs in a cell is shown as below.
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Figure 1: Random access involving with multiple TRPs
Then, the issue is whether network is able to differentiate the preamble is transmitted by the same or different UEs. Network needs to decide where, e.g. in which TRP(s), to provide RA response(s) and to decide the content of the RA response(s). UE(s) may also need to decide how to handle the responses if multiple responses corresponding to the same preamble are received. It is unclear whether it could always be handled by coordination between TRPs. Latency to reply response(s) may be increased due to coordination.
Observation 1:
If preamble resources are common in a whole cell, coordination between TRPs for random access procedure may be required.

However, if TRPs are not always coordinate properly, radio resources may be unnecessarily wasted. An example is illustrated in Figure 2. A random access preamble transmitted by the UE is received by TRP1 and TRP2. Then, multiple responses to the preamble, e.g. Msg2, would be provided by both TRPs. Considering random access procedure in LTE as baseline, the UE generally adopts first received Msg2 and performs Msg3 transmission accordingly. Thus, Msg2 from TRP2 is redundant and resources for Msg3, carried by the Msg2, are unnecessarily wasted.
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Figure 2: LTE random access mechanism involving with two TRPs
Observation 2:
If preamble resources are common in a whole cell, redundant Msg2 may occur and resources for Msg3 may be unnecessarily wasted.

Additionally, if a scenario for UE to access a specific TRP, e.g. to acquire corresponding TA, should be supported, handling is needed about how to let the specific TRP provide the response (if multiple TRPs receive the preamble) or how to let the UE select correct response to adopt (if multiple responses are received).
Observation 3:
If preamble resources are common in a whole cell, a mechanism to support accessing a specific TRP is needed.

On the other hand, if LTE principle is not adopted, i.e. preamble resources are separated for different TRPs, network needs to separate the resources to be utilized efficiently, e.g. depends on the coverage of TRPs, or the number of UEs within TRP coverage. And a mechanism is required to let UE be aware of preamble resources for different TRPs in the same cell. It is possibly that additional signaling (e.g. system information) overhead may be required. And a mechanism for UE to select resources for preamble transmission is needed.
Observation 4:
If preamble resources are separated for different TRPs, UE needs to be aware of preamble resources of different TRPs, e.g. additional signaling overhead may be required.
Observation 5:
If preamble resources are separated for different TRPs, a mechanism for UE to select resources for preamble transmission is needed.
A table to compare the pros and cons of common or separated preamble resources for different TRPs in a cell is drawn below.

Table 1: Pros and Cons of common or separated preamble resources for different TRPs in a cell
	
	Preamble resources are common
	Preamble resources are separated

	Pros
	Same as LTE.
	No ambiguity about which TRP should be involved in RA procedure:
1. No need for TRP coordination.

2. Prevent redundant Msg2 and waste of Msg3 resources.

	Cons
	1. Complexity and latency for TRP coordination.
2. Redundant Msg2 and waste of Msg3 resources if coordination is not perfect.
3. Complexity for accessing a specific TRP.
	1. Complexity and signaling overhead for UE to be aware of preamble resources for different TRPs.

2. Complexity for selection of preamble resources.


Since both alternatives have impacts on NR system design, including both network and UE sides, it should be decided earlier on whether preamble resources are common or separated for TRPs of the same cell is required from RAN2 point of view. Detailed design may also depend on RAN1.
Proposal 3:
Discuss whether preamble resources are common in a whole cell or separated for different TRPs in the cell.
3. Conclusion
We have the following proposals for random access procedure in NR:
Proposal 1:
Events to perform RA procedure in NR include at least:

- initial access

- RRC connection re-establishment

- handover

- SCG addition/modification

Proposal 2:
Both contention based and non-contention based RA procedure are supported by NR.
Observation 1:
If preamble resources are common in a whole cell, coordination between TRPs for random access procedure may be required.

Observation 2:
If preamble resources are common in a whole cell, redundant Msg2 may occur and resources for Msg3 may be unnecessarily wasted.

Observation 3:
If preamble resources are common in a whole cell, a mechanism to support accessing a specific TRP is needed.

Observation 4:
If preamble resources are separated for different TRPs, UE needs to be aware of preamble resources of different TRPs, e.g. additional signaling overhead may be required.
Observation 5:
If preamble resources are separated for different TRPs, a mechanism for UE to select resources for preamble transmission is needed.
Proposal 3:
Discuss whether preamble resources are common in a whole cell or separated for different TRPs in the cell.
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