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1. Introduction

For the NR study, RAN1 has made many of agreements regarding initial access procedure in the previous RAN1 meetings and we would like to highlight some of them to start discussion in this paper as follows: 

	[Agreements in RAN1 #85]

· Essential system information (MIB) should be decodable based on an identity parameter used for generation of search/synchronization signal (e.g. PSS/SSS)
· Name of identity parameter TBD (e.g. cell ID, hypercell ID, system ID)
· Other dependencies to this identity parameter are FFS
[Agreements in RAN1 #86]
· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access

· More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering

· Single beam based and multi-beam based deployments

· TDD and FDD operations

· Different/mixed numerologies

· Standalone and non-standalone operations
· Licensed band and unlicensed band operations
· FFS: mMTC use case

· RAN1 should take at least following requirements into account to design initial access

· Providing at least following functionalities

· Detection of NR cell and its ID
· Note: In this context, NR cell corresponds one or multiple TRP(s)
· Initial time/frequency synchronization to the cell

· Providing necessary information for random access

· Providing sufficient number of the identity values to allow deployment flexibility
· FFS: supporting efficient mobility

· FFS: supporting efficient inter-RAT measurement

· Reducing the frequency hypothesis UE needs to search for compared to LTE

· FFS: detecting beam ID(s)

[Agreements in RAN1 #86bis]

· When Tx/Rx reciprocity is available at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode

· Association between one or  multiple  occasions for DL broadcast channel/signal and  a subset of RACH resources is informed to UE by broadcast system information or known to UE
· FFS: Signaling of  “non-association”

· Detailed design for RACH preamble should be further studied

· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources

· FFS: Tx beam selection for RACH preamble transmission
· At gNB, the DL Tx beam for the UE can be obtained based on the detected RACH preamble and would be also applied to Message 2

· UL grant in message 2 may indicate the transmission timing of message 3
· For the cases with and without Tx/Rx reciprocity, the common random access procedure should be strived
· When Tx/Rx reciprocity is not available, the the following could be further considered for at least UE in idle mode

· Whether or how to report DL Tx beam to gNB, e.g.,

· RACH preamble/resource
· Msg. 3

· Whether or how to indicate UL Tx beam to the UE, e.g., 

· RAR




Based on the agreements above, we discuss RACH procedure considering network topology with multiple TRP within a cell in addition to single TRP within a cell. 
2. Discussion
In order to support seamless connection to UE with mobility, multiple TRP operation within a cell is considered. In other words, multiple cells are deployed and each cell may include multiple TRPs which shares the cell ID. In a very initial state, UE firstly tries to get time/frequency synchronization based on the SS(Synchronization Signal) detection and possibly UE acquires cell ID and then UE decodes PBCH to get the essential system information. According to the agreements highlighted above, it seems SS and PBCH are transmitted with SFN manner from multiple TRPs sharing a cell ID.

In terms of association with DL broadcast channel/signal and RACH resource, it should be studied whether the DL broadcast channel/signal is also cell-specifically transmitted with SFN manner from multiple TRPs or TRP specific channel/signal. 

In order to facilitate discussion on RACH resource, RACH resource is the time/frequency resource on which RACH messages are to be transmitted. RACH resource can be further defined as UL RACH resource and DL RACH resource. On UL RACH resource, UL RACH messages such as PRACH preamble and possibly msg. 3 can be transmitted. On UL RACH resource, UL RACH messages such as RAR (Radom Access Response) and possibly msg. 4 can be transmitted.
Cell-based RACH configuration 

In case of cell-based SIB in [1], RACH resource is also cell-specifically defined and it is associated with the received SS/PBCH. If multiple TRPs are deployed in a cell, multiple TRPs share the RACH resource considering SFNed transmission of SS/PBCH and transmission of PRACH preamble on a specific RACH resource tied with SS/PBCH may implicitly target multiple TRPs. UE is not able to identify TRP with the detection of SS/PBCH. Upon receiving PRACH preamble from UE, a single RAR can be transmitted from a TRP receiving PRACH preamble with the best received quality. It is effectively the same in the RACH procedural aspect at UE side in case multiple TRPs transmit RAR with the same contents. Alternatively, network responses with RARs (Random Access Response, msg. 2) on the PRACH preamble received. Multiple TRP may respond with RAR on the received single PRACH preamble possibly with possibly different time instances within a RAR reception window at UE side. In the RAR, TRP ID can be included in order for UE to differentiate TRPs. 
UE may receive multiple RARs on a single PRACH preamble and it is FFS whether the UE should response with all of the received RARs or UE can selectively response on the received RARs. There could be several options on the RACH procedures on multiple RARs per single PRACH preamble: 

· Option 1: UE responds on the multiple RARs 

Receiving multiple RARs within a RAR window on a single PRACH preamble transmission, UE may transmit multiple message 3 based on the commands in each RARs. Contents from different TRPs can be different, namely TRP ID if included, time-frequency resource for msg. 3 transmission, TA command, and etc. but contention resolution ID for the PRACH preamble should be the same in different RARs. UE may include best N TRP IDs in its msg.3 and network can decide which TRP will be serving based on the received TRP IDs from UE, network load, and etc. If network decided the TRP, only the selected TRP can transmit msg. 4 to UE and this resolve contention of UL transmission and TRP competition as well.  
· Option 2: UE responds on a single RAR 

In this option, UE can resolve TRP competition by selection one RAR for msg. 3 transmissions based on the best received quality. UE selects its serving TRP by responding on a single RAR chosen based on the received signal quality but in this case TRP can be transparent at UE side if the TRP ID is not provided in RARs. 
TRP-based RACH configuration

On the other hand, in case of TRP(Beam)-based SIB approach in [1], RACH resource can be TRP-specifically defined. Based on the TRP RS, UE is able to identify TRPs. RACH resource can be defined per TRP and UE choose its RACH resource to transmit PRACH preamble based on the TRP RS received power. As long as UE can identify its received best TRP, UE can report best TRP IDs explicitly to the network. UE attempts PRACH preamble transmission on the RACH resource associated with a specific TRP and waits RAR reception within RAR reception window from network. Based on the RAR, UE transmits msg. 3 on the indicated time/frequency resource in the received RAR. UE may report best received TRP IDs in the msg. 3. Msg. 4 may confirm TRP ID(s) that will be serving the UE. 

In this case, it becomes a bit complicated performing RACH procedure since UE receives multiple RACH resources in a cell. In other words, UE can try multiple PRACH transmission on different RACH resources and we have to decide whether the RACH procedure is per UE or RACH procedure per TRP (RACH resource). 
· Per UE RACH procedure: 

If we consider RACH procedure per UE, this implies single RACH procedure will be performed per UE. In other words, within RACH resource for multiple TRPs, UE may select a RACH resource for PRACH preamble transmission targeting a specific TRP. UE waits RAR from the TRP on the transmitted PRACH preamble, and if the UE fails to receive the RAR within the RAR window and UE retries second attempt for PRACH transmission 
On the second attempt for PRACH preamble transmission, UE may select other RACH resource for PRACH preamble transmission targeting other TRP. Alternatively, UE may retry transmission of PRACH preamble on the same RACH resource targeting the same TRP and PRACH transmission power should be ramped up. It should be UE choice whether the UE transmits PRACH preamble targeting the same TRP as previous transmitted PRACH preamble or UE transmits PRACH preamble targeting different TRP. But in this case, power ramping should be applied for retransmission of PRACH preamble targeting on the same TRP. 

This method does not consider PRACH attempt until RAR is received within RAR window, it is understood as a sequential RACH procedure per UE. In order to attempt another PRACH transmission, UE has to wait until previous RACH procedure is finished whether or not successful, which possibly cause latency. 

· Per TRP RACH procedure: 

This implies multiple RACH procedure per UE can be performed simultaneously. RACH procedure targeting different TRP can be performed independently. UE may transmit multiple PRACH preamble targeting different TRPs without respect to reception of RAR within a RAR window. On the transmitted multiple PRACH preamble targeting different TRPs, each TRP may respond with RAR on each PRACH preamble so that multiple PRACH procedure holds at UE side. In the middle of RACH procedure possibly with msg.3, multiple RACH procedure will be resolved to a single by selection of a TRP. Based on the received RARs from multiple TPRs, UE can choose which RAR the UE will follow to transmit msg. 3. However, this method brings waste of UL resources which are assigned for msg. 3 transmissions. On the other hand, resolution for multiple RACH procedure can be done after completion of multiple RACH procedures by confirmation of TRP ID in msg. 4 or later DL signalling. 
However, the problem of this method is that network cannot distinguish whether a single UE transmits multiple PRACH preambles on different RACH resource or multiple UEs transmit on each RACH resource. Thus, this way could lead resource waste and increase collision probability though random access latency can be reduced for certain UEs. 
Consideration of introducing multiple beams

In this document, we elaborated RACH procedure considering multiple TRPs, similar impact is introduced in case of multiple beam operation. In other words, the similar handling on the RACH procedure is considered in case RACH configuration is per cell with multiple beams and RACH configuration is per cell with multiple TRP. Similarly, handling on the RACH procedure in case RACH configuration is per TRP with multiple TRP operation in a cell would be the same as the case RACH configuration is per beam with multiple beam operation in a cell. 
3. Conclusion
Based on the discussion in this paper, multiple RACH procedures would be performed at UE side. Depending on the system design, there could be several options on RACH procedures. In addition, similar impact is introduced in case of multiple beam operation. In other words, it should be further studied on the variations of RACH procedure caused by multiple TRPs/beams and its impact to NR system. 
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