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Introduction
It was agreed in last meeting that default numerology is used for idle mode and inactive mode at least minimum SI and paging. It is FFS for RACH.
Agreement
1	Mixed numerologies on a single carrier are only supported in connected mode. Idle mode and Inactive mode procedures (at least minimum system information broadcast and paging) use the default numerology per carrier frequency. 
FFS Whether initial access (i.e. random access in idle mode) is always on the default numerology or can use other numerologies.
In this contribution, we will analyze the numerology and BW for RACH based on RAN1 agreements.
Discussion
In [1] , the below sentence are stated. In NR, besides numerology, an important factor for RACH that needs to be considered is network and UE channel bandwidth.
	[bookmark: _Toc477852954]5.3   Numerologies and frame structure
Multiple numerologies are supported. A numerology is defined by sub-carrier spacing and CP overhead. Multiple subcarrier spacings can be derived by scaling a basic subcarrier spacing by an integer N. The numerology used can be selected independently of the frequency band although it is assumed not to use a very low subcarrier spacing at very high carrier frequencies. Flexible network and UE channel bandwidth is supported. 
From RAN1 specification perspective, maximum channel bandwidth per NR carrier is 400MHz in Rel-15. Note that all details for channel bandwidth at least up to 100 MHz per NR carrier are to be specified in Rel-15. At least for single numerology case, candidates of the maximum number of subcarriers per NR carrier is 3300 or 6600 in Rel-15 from RAN1 specification perspective. NR channel designs should consider potential future extension of these parameters in later releases, allowing Rel-15 UE to have access to NR network on the same frequency band in later release


In NR, the NW channel bandwidth can be very large and could be larger than UE receiving BW. It is different to LTE in which the UE receiving BW is 20MHz which is equal to the largest single carrier BW. Then there are some possible scenarios for NW and UE channel BW as below.
Scenario 1: UE BW is equal to or larger than NW BW
It is similar to NW and UE BW in LTE. Idle UE, inactive UE and connected UEs can initiate RACH procedure in the PRACH resource configured in system information and the PRACH resource can be configured among the whole NW BW. 


Figure 1 Scenario 1 of NW and UE BW
Scenario 2: UE BW is less than NW BW and the UE has the same central frequencies as NW
As shown below, different UEs could have different BW. UEs can’t use the PRACH resources in the sub-carriers which exceed its BW.


[bookmark: _Ref481497804]Figure 2 Scenario 2 of NW and UE BW
There are two possible options for PRACH resource configuration.
Option 1: define the BW of the minimum capability UE as the minimum BW and configure PRACH resources within the minimum BW
In option 1, UEs with different capabilities perform RACH procedure in the same way. NW doesn’t need to know the information of the UE BW capability. However, the PRACH resources are limited within the minimum BW and the number of PRACH resources may be insufficient to meet the RACH requirements especially in a large NW BW cell. Additionally, UE must locate its central frequency as that of NW and can’t retune to another frequency within the NW BW.
Option 2: configure PRACH resources in the whole NW BW, different capability UEs can select the PRACH resources in the different BW
In option 2, different UEs could select PRACHs in different BW scope. For example, in Figure 2, UE2 can select the PRACH 1, 2, 3, 4, but UE1 can select the PRACH 3 only. 
Then it incurs the question that how the gNB sends RAR to the UE.
Option 2-1: Associate PRACH/preamble groups to UE BW capability
In option 2-1, the gNB knows the UE BW capability via PRACH/preamble of Msg1 and sends RAR in the BW in which UE can receive. This option assumes the gNB and UE have the same central frequency. If UE retuned to a central frequency different to gNB, gNB can’t decide the right DL BW for RAR even if it know s the UE BW capability.
Option 2-2: Associate the DL BW for RAR to the UL BW of PRACH resource
A solution of option 2-2 is to split the DL BW into several parts, each part corresponds to a scope of UL BW. An example is shown in Figure 3, DL RAR in DL BW1 responses the Msg1 in PRACH 1, 2; DL RAR in DL BW2 responses the Msg1 in PRACH 3; DL RAR in DL BW3 responses the Msg1 in PRACH 4, etc.
Other solutions could be considered to determine the DL BW for RAR based on UL BW of Msg1.


[bookmark: _Ref481504134]Figure 3 An example of relationship between DL BW for RAR and UL BW for Msg1
Scenario 3: UE retunes to another central frequency
This scenario is more likely for connected UE after initial access. As shown in Figure 4, UE1 retunes to another central frequency and the usable PRACH resources for UE1 are PRACH 1, 2. The UE BW may not be overlapped with the BW containing PSS/SSS/PBCH.


[bookmark: _Ref481505361]Figure 4 Scenario 3 of NW and UE BW
In our understanding, idle UE, inactive UE and connected UE should perform RACH procedure in the same way including PRACH resource selection, RAR monitoring, etc.
In scenario 3, there are 2 options.
Option 1: UE retunes to minimum BW and selects PRACH within the minimum BW
It is similar to the option 1 in scenario 2. The only difference is that UE should retune to the minimum BW before RACH procedure.
Option 2: UE selects PRACH within current UL BW
The question is that how the gNB sends RAR to the UE.
The option 2-1 in scenario 2 can’t be used in the scenario 3. The option 2-2 could be considered. While the DL BW for RAR is related to the UL BW for Msg1, the gNB can send RAR in the DL BW which UE can receive regardless of whether the UE retunes its center frequency.
Proposal 1: RAN2 discusses the scenario 1-3 of NW and UE BW in this section. If necessary, send LS to RAN1 to ask if all scenarios should be considered in the RACH design.
Proposal 2: A common RACH procedure should be considered for idle UEs, inactive UEs and connected UEs.
Proposal 3: If all scenarios are supported, discuss above solutions in each scenario and we prefer that PRACHs can be configured in the whole NW BW and the DL BW for RAR is related to the UL BW for Msg1.

Another RAN1 related issue is what numerology should be used in RACH procedure. In [1] , it is stated that:
	[bookmark: _Toc477853012]8.2.1	Random access procedure
[bookmark: _Toc477853013]8.2.1.1	Preamble 
NR defines that 
-	a random access preamble format consists of one or multiple random access preamble(s),
-	a random access preamble consists of one preamble sequence plus CP, and
-	one preamble sequence consists of one or multiple RACH OFDM symbol(s) 
UE transmits PRACH according to the configured random access preamble format.
NR supports multiple RACH preamble formats, including at least RACH preamble formats with longer preamble length and shorter preamble length. Multiple/repeated RACH preambles in a RACH resource are supported. Numerology for RACH preamble can be different depending on frequency ranges. Numerology for RACH preamble can be different from or the same as that for the other UL data/control channels.


We think the numerology for Msg1 is decided by RAN1. Since “Numerology for RACH preamble can be different depending on frequency ranges”, there should not be more than one numerologies in certain sub-carriers. When UE decides the UL BW, it can select the PRACH and use the numerology configured for PRACH in this UL BW. The numerology of Msg2 could be the reference numerology or default numerology in that DL BW so as to all UEs can receive RAR in the same way. The numerology of Msg3 is decided by the UL grant in Msg2. If gNB can distinguish the RACH category (such as initiated by a URLLC UE), it is possible for gNB to schedule UE in its suitable numerology. The numerology of Msg4 is similar to Msg3 and can be scheduled in the suitable numerology if the RACH category can be distinguished.
Proposal 4: The numerology of Msg1 should be decided in RAN1.
Proposal 5: The numerology of Msg2 could be the reference numerology or default numerology so that all UEs can receive RAR in the same way.
Proposal 6: Msg3 and Msg4 could be scheduled to use specific numerology if the RACH category (such as URLLC) could be identified by PRACH/preamble.
Conclusion
In this contribution, we discuss some RAN1 impacts on RACH and get below proposals.
NW and UE bandwidth:
Proposal 1: RAN2 discusses the scenario 1-3 of NW and UE BW in this section. If necessary, send LS to RAN1 to ask if all scenarios should be considered in the RACH design.
Proposal 2: A common RACH procedure should be considered for idle UEs, inactive UEs and connected UEs.
Proposal 3: If all scenarios are supported, discuss above solutions in each scenario and we prefer that PRACHs can be configured in the whole NW BW and the DL BW for RAR is related to the UL BW for Msg1.

Numerology:
Proposal 4: The numerology of Msg1 should be decided in RAN1.
Proposal 5: The numerology of Msg2 could be the reference numerology or default numerology in that DL BW so as to all UEs can receive RAR in the same way.
Proposal 6: Msg3 and Msg4 could be scheduled to use specific numerology if the RACH category (such as URLLC) could be identified by PRACH/preamble.
Reference
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