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1. Introduction
Random access has been discussed in RAN1 and RAN2. In this contribution, we try to analysis the impact of RAN1 design in NR on random access from RAN2 perspective. The RAN1 designs considered in this contribution are multiple numerologies, flexible NW/UE channel bandwidth, and the multiple/repeated preambles.
2. Discussion
2.1. Multiple numerologies and flexible bandwidth
The agreements in RAN1 support multiple numerologies and flexible NW/UE channel bandwidth. RAN1 has also discussed the numerology of Msg1 and the maximum bandwidth for RACH preamble transmission. RAN1 agreements are copied in Annex A for easy reference
Based on the RAN1 agreements, the resource configuration of Msg1 and Msg2 are discussed.

There are two options of Msg1 resource (PRACH resource) configuration.
· Option 1: PRACH resources are only configured in the sub-band for the minimum capability UE without retune requirement. We call this as common sub-band in this contribution.
· For TDD, the PRACH resources are only configured in the sub-band containing PSS/SS/PBCH. The common sub-band could be larger than the PSS/SS/PBCH sub-band depending on the minimum UE capability.
· For FDD, the PRACH resources are only configured in the UL sub-band which is paired with DL sub-band containing PSS/SS/PBCH.
· Option 2: PRACH resources can be configured in any sub-band of the whole NW bandwidth and the UE could select PRACH resource for Msg1 transmission according to the UE capability
In this option, it is no need for the gNB to know the UE capability. The gNB only configure the PRACH resources in a scattered way. No matter with what kind of UE capability and triggered by what kind of RACH events, UEs could select applicable PRACHs within the UE available sub-bands. For example, if a minimum capability connected UE has retuned to another sub-band different to the initial access sub-band, it is no need to retune to the initial access sub-band for Msg1 transmission.
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Figure 1
 PRACH resources in NW bandwidth
The comparison of the two options is shown in Table 1. Option 1 is simple but has the risk of high resource overload in common sub-band and high collision probability.  Option 2 has low collision probability at the expense of NW/UE complexity.

Table 1
Comparison of two options
	
	Option 1
	Option 2

	Overload of PRACH
	PRACH resources concentrate on part of NW bandwidth. If demand of PRACH resources is high, too many resources in the common sub-band are required. Note that because of the large NW bandwidth and the large UE numbers comparing to LTE, the demand on PRACH resources could be very high.
	PRACH resources scatter in the whole NW bandwidth. The PRACH resource distribution could be balanced in the whole NW bandwidth and the capacity of the PRACH resources is higher than option1.

	Numerology of Msg1
	The numerology of Msg1 should be same as the data numerology in the common sub-band.
	There are two options:
1/ The numerology of Msg1 is same as the data numerology in the same sub-band.
2/ The numerology of Msg1 is independent to the data numerology in the sub-band.
RAN1 agreed in RAN1#86bis that “Numerology for RACH preamble can be different or the same from that for the other UL data/control channels”. However, to simplify UE implementation, we think the first option is better.

	UE complexity
	Low. Common UE procedure irrespective of UE capability.
	High. UEs with different capability could select PRACH resource from different PRACH resource groups. Because UEs with different capabilities have different amount of available PRACH resources, some design or algorithm for overload balance should be considered.

	NW complexity
	Low. Common NW configuration and procedure irrespective of UE capability.
	High. NW should consider the overload balance while configuring PRACH resources, receiving Msg1 and transmitting Msg2.

	Collision probability
	High. Because of the contradiction between the restricted PRACH resources and the large NW bandwidth/the large UE numbers.
	Low. Enough PRACH resources could be expected.


Proposal 1: Above two options for PRACH resource configuration could be considered with the comparison in Table 1. Option 2 is slightly preferred that PRACH resource could be scattered in the whole NW bandwidth and UE could select PRACH resource depending on UE capability.
In LTE, UE capability of DL reception bandwidth in a single carrier is 20MHz. Cell bandwidth in a single carrier is equal to or less than 20MHz. Hence there is no question about DL PDCCH monitoring. In NR, it is agreed in RAN1 that “Maximum bandwidth supported by some UE capabilities/categories may be less than channel bandwidth of serving single carrier”. Then how the UE monitor the PDCCH for Msg2 should be discussed.
There are two options of Msg2 transmission. 
· Option 1: UE monitors PDCCH for Msg2 in the sub-band corresponding to Msg1 resource location.
· For TDD, the PDCCH for Msg2 is in the same sub-band of the selected PRACH resources for Msg1.
· For FDD, the PDCCH for Msg2 is in the DL sub-band paired with UL sub-band containing the selected PRACH resource for Msg1.
· Option 2: Depending on the configuration of the relationship between PRACH resource/preamble and DL channel/signaling, the UE could monitor PDCCH for Msg2 after Msg1 transmission according to the configuration. For example, gNB may configure the PRACH/preamble groups for different capability UEs, and gNB transmits Msg2 in the sub-bands according to the PRACH/preamble for Msg1.
Option 1 could be a baseline for Msg2 transmission without any specific optimization considered. Option 2 could be considered as an optimization of RACH procedure. 
Proposal 2: It should be discussed how the UE monitor PDCCH for Msg2. Option 1 (UE monitors PDCCH for Msg2 in the sub-band corresponding to Msg1 resource location) could be considered as baseline. Further optimization could be studied in stage 3.
2.2. Multiple/repeated preambles
RAN1 introduces multiple/repeated preambles. The RAN1 agreements on multiple/ repeated preambles are listed in Annex A.
In the RAN1’s agreements, the design of multiple/repeated preambles is flexible according to the sentence below:
· FFS: Preamble could be the same or different
· Numerology for RACH preamble can be different depending on frequency ranges
Note that when the mechanism of multiple/repeated preambles is introduced, there is only one random access procedure and only one Msg2 is needed. From RAN2 perspective, a common RA procedure should be considered no matter what kind of preamble mechanism is adopted. Hence we suggest there is only one preamble ID corresponding to the multiple /repeated preambles.
Proposal 3: There should be only one preamble ID corresponding to the repeated/multiple preambles in one Msg1.

3. Conclusion

In this contribution, the impacts of NR new physical layer design on RA are discussed. We suggest the below proposals mainly from RAN2 perspective.
Proposal 1: Above two options for PRACH resource configuration could be considered with the comparison in Table 1. Option 2 is slightly preferred that PRACH resource could be scattered in the whole NW bandwidth and UE could select PRACH resource depending on UE capability.
Proposal 2: It should be discussed how the UE monitor PDCCH for Msg2. Option 1 (UE monitors PDCCH for Msg2 in the sub-band corresponding to Msg1 resource location) could be considered as baseline. Further optimization could be studied in stage 3.
Proposal 3: There should be only one preamble ID corresponding to the repeated/multiple preambles in one Msg1.
Annex A
A.1 RAN1 agreements on multiple numerologies and flexible bandwidth
	 RAN1#85

Agreements:
· NR should support of flexible NW and UE channel bandwidth

· FFS: NR carrier bandwidth should consider to allow efficient unlicensed spectrum access
· The NR physical-layer design should allow for fine granularity in terms of NR carrier bandwidth 

· The NR physical-layer design should be such that devices with different bandwidth capabilities can efficiently access the same NR carrier regardless of the NR carrier bandwidth

· FFS: minimum bandwidth
· FFS: There should not be an assumption that devices necessarily support the same set of bandwidths for transmission and reception

FFS: There should not be an assumption that the network carrier bandwidth is necessarily the same for downlink and uplink
RAN1#86bis

Agreements:
· At least for Phase 1, study mechanisms to support operation over e.g. around 1GHz contiguous spectrum from both NW and UE perspectives including the maximum single carrier bandwidth of at least 80 MHz

· Carrier Aggregation/Dual Connectivity (Multi-carrier approach) 
· Details are FFS

· FFS: non-contiguous spectrum case
· Single carrier operation 
· Details are FFS 

· Maximum channel bandwidth continues to be studied in RAN1/4

· Maximum bandwidth supported by some UE capabilities/categories may be less than channel bandwidth of serving single carrier
· Note that some UE capabilities/categories may support channel bandwidth of serving single carrier
Agreements:
· NR supports multiple RACH preamble formats, including at least

· RACH preamble format with longer preamble length 

· RACH preamble format with shorter preamble length

· FFS how many signatures (e.g. number of RACH sequences, payload size, etc.)

· Multiple/repeated RACH preambles in a RACH resource is supported

· FFS: How to support single-beam and/or multi-beam operation

· FFS: Preamble could be the same or different
· Numerology for RACH preamble can be different depending on frequency ranges

· FFS: How many numerologies will be supported per frequency range
Numerology for RACH preamble can be different or the same from that for the other UL data/control channels
RAN1#87

Agreements:
· The maximum bandwidth for a RACH preamble transmission is not wider than 5 MHz for a carrier frequency of below 6 GHz and not wider than X MHz for a carrier frequency ranging from 6 GHz to 52.6 GHz
· X will be down selected from 5, 10, and 20MHz

· At least, one reference numerology for RACH preamble is defined, 

· 1.25 x n kHz

· 15 x n kHz

· Integer value of n is FFS

· Other values are not precluded

Based on the reference numerology for RACH preamble, multiple RACH preambles with scalable numerologies are supported depending on the carrier frequency
RAN1 Ad Hoc
Agreements:
· RACH SCS alternatives
· SCS = [1.25 2.5 5 7.5 10 15 20 30 60 120 240] kHz
· Note: in case RACH SCS = [15 30 60 120 240] there are two design options:
· use the same SCS as the subsequent UL data and control 
· use different SCS than the subsequent UL data and control 


A.2 RAN1 agreements on multiple/repeated preambles
	RAN1#86bis

Agreements:
· RACH resource:
· A time-frequency resource to send RACH preamble
· Whether UE needs to transmit one or multiple/repeated preamble within a subset of RACH resoueces can be informed by broadcast system information
· For example, to cover gNB RX beam sweeping in case of NO Tx/Rx reciprocity at the gNB

Agreements:
· NR supports multiple RACH preamble formats, including at least

· RACH preamble format with longer preamble length 

· RACH preamble format with shorter preamble length

· FFS how many signatures (e.g. number of RACH sequences, payload size, etc.)

· Multiple/repeated RACH preambles in a RACH resource is supported
· FFS: How to support single-beam and/or multi-beam operation

· FFS: Preamble could be the same or different
· Numerology for RACH preamble can be different depending on frequency ranges
· FFS: How many numerologies will be supported per frequency range
Numerology for RACH preamble can be different or the same from that for the other UL data/control channels
RAN1 Ad Hoc
Agreement:

For single/multi-beam operation, 

· For multiple/repeated RACH preamble transmissions, consider only option 1, option 2 and option 4 

· Option 1: CP is inserted at the beginning of the consecutive multiple/repeated RACH OFDM symbols, CP/GT between RACH symbols is omitted and GT is reserved at the end of the consecutive multiple/repeated RACH symbols
· Option 2/4: The same/different RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH sequences

· Study:
· Multiplexing with different orthogonal cover codes 

· Independent RACH sequences in a RACH preamble 

· For supporting various coverage and forward compatibility, flexibility in the length of CP/GT and the number of repeated RACH preambles and RACH symbols is supported 

· Note: specific use of these three options may depend on RACH subcarrier spacing and TRP beam correspondence
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