3GPP TSG-RAN WG2 Meeting #100	R2-1713633
[bookmark: _GoBack]Reno, USA, 27th November – 1st December 2017	(Resubmission of R2-1711609)


Agenda Item	: 10.3.1.4.3 (NR_newRAT-Core)
Source	: LG Electronics Inc.
Title	: Considerations for RA-RNTI calculation
Document for	: Discussion and Decision
1.	Introduction
In previous RAN1/RAN2 meeting, the following agreements were made on multiple msg1 transmissions for contention free RACH and RAR window.
Agreements @ RAN2#99 meeting:
· For multiple msg1 transmissions for contention free RACH 
· A single RAR window is applied for multiple msg1 transmission.  
· The RAR window is started after transmission of the first preamble after a “offset”.  
· The UE monitors multiple RA-RNTIs. The RA-RNTI is associated to the RACH transmission occasion in which the preamble was transmitted.  
· Once a RAR is received, the RAR reception is considered successful, as in LTE. The UE stops multiple preamble transmission.
· Details of RA-RNTI calculations are FFS

Agreements @ RAN2#99bis meeting:
· At least time and frequency is used in the RA-RNTI formula

Agreements @ RAN1#87 meeting:
· At least for initial access, RAR is carried in NR-PDSCH scheduled by NR-PDCCH in CORESET configured in RACH configuration
· Note: CORESET configured in RACH configuration can be same or different from CORESET configured in NR-PBCH
· For single Msg1 RACH, the RAR window starts from the first available CORESET after a fixed duration from the end of Msg1 transmission
· The fixed duration is X T_s
· X is the same for all RACH occasions
· FFS: whether CORESET starting position is aligned with slot boundary
· FFS: the value of X
· FFS: whether X is frequency range dependent
· For a single Msg1 RACH from UE,
· The size of a RAR window is the same for all RACH occasions and is configured in RMSI
· RAR window could accommodate processing time at gNB. 
· Maximum window size depends on worst case gNB delay after Msg1 reception including processing delay, scheduling delay, etc
· Minimum window size depends on duration of Msg2 or CORESET and scheduling delay
· FFS: multiple Msg1 RACH case if supported

In this contribution, we’d like to discuss the potential impact of different numerology on RA-RNTI calculation from RAN2 perspectives and propose considerations for the RA-RNTI calculation.
[bookmark: _Toc476230925]2.	Discussion
In LTE, the RA-RNTI is calculated based on the t_id and f_id of the PRACH resource on the cell in which a RA preamble is transmitted, where t_id is the index of the first subframe of the specified PRACH, and f_id is the index of the specified PRACH within that subframe. As all serving cells are operating based on same time unit, i.e., subframe, RA-RNTI range is the same within a certain time period across all cells. So, there was no problem to use the generic RA parameters for all cells, e.g., RAR window size, to monitor the RAR message. 
However, NR supports multiple numerology, and the RACH transmission occasion in which a RAP is transmitted might be numerology dependent if it is aligned with slot or symbol boundary. Therefore, RAN2 should discuss the potential impact of various ways of RA-RNTI calculation on RA procedure from MAC perspectives. 
In this contribution, therefore, we’d like to introduce the alternatives of RA-RNTI calculation and propose considerations from the MAC point of view for the RA-RNTI calculation, assuming that a MSG1 transmission is slot based transmission of each numerology.
Considering the multiple numerology, there may be two alternatives to design the RA-RNTI. 
· Alt 1. RA-RNTI calculation based on the numerology dependent time unit, e.g., symbol or slot
· Alt 2. RA-RNTI calculation based on a unified time unit for all numerology, e.g., subframe or smallest time unit

Alt 1. RA-RNTI calculation based on the numerology dependent time unit
The Figure 1 shows an example of the case when the RA-RNTI is calculated based on a slot of each numerology. 
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Figure 1. Examples of RA-RNTI calculation based on a slot of each numerology
In Alt 1, the RA parameters, e.g., the length of offset or RAR window, would be configured per numerology/cell because the RA-RNTI is calculated based on a time unit of each numerology. For example, short offset/RAR window size will be used for short numerology. In the meanwhile, the length of offset or RAR window size would need to be set to a value based on the processing time at gNB as described in RAN1 agreement. For example, short offset would require quick gNB processing. It would imply that short numerology may require short gNB processing time in order to use short RA parameters. However, we think the gNB processing time mainly depends on the amount of data or gNB processing capability, rather than the numerology.
In addition, if a UE transmits a RAP on Scell (C1) and receives the corresponding RAR on Pcell (C2) in the RAR window (W2), it may cause a collision between the RAPs which are transmitted in different time resources of Pcell and Scell but are addressed to the same RA-RNTI. To resolve this collision, high complexity would occur for both UE and gNB. 
Observation 1. RA-RNTI calculation based on the numerology dependent time unit may require different RA configuration per numerology. And it results in a high complexity for both UE and gNB, in particular when the UE transmits a RAP on a Scell with different numerology from the Pcell. 
Alt 2. RA-RNTI calculation based on a unified time unit for all numerology
For Alt 2, RA-RNTI is calculated based on a time unit of a specific numerology, which is either the shortest time unit or a subframe, among all numerologies. The RA parameters can be commonly used for all cells because the RA-RNTI range is the same within a certain time period across all cells as in LTE. In other words, the same RA parameters can be used regardless of whether the numerology of PCell, where RAR is received, and numerology of SCell, where RAP is transmitted, are different or not. Even though the length of RA parameters is the same for all cells, the RAR window could start depending on the time unit of each numerology. 
On the other hand, while CA is configured, the RAR window for the UE could be operated based on the time unit of PCell because the RAR window is used for RAR reception and the UE receives RAR on Pcell. There is no collision within the RAR window to receive the corresponding RAR on Pcell in Alt 2.
Observation 2. If RA-RNTI calculation is based on a unified time unit for all numerology, the common RA parameters such as the length of offset and RAR window size can be used across all cells even if different numerology are used in CA. While CA is configured, the RAR window for the UE would be configured based on the time unit of Pcell.
In Alt 2, we can consider two options as follows. 
· Option 1. RA-RNTI calculation is based on the smallest time unit among all numerology
· Option 2. RA-RNTI calculation is based on a subframe, i.e., 1ms
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Figure 2. Example of RA-RNTI calculation in option 1
Figure 2 shows an example for the option 1 of Alt2. In option 1, the RA-RANTI is calculated based on the smallest time unit (C1) among all numerologies. If RAP is transmitted on a cell (C2) with longer time unit than reference numerology, the corresponding RA-RNTI takes the smallest value within its RACH occasion.
For option 1, each RAP transmission within a RAR window is completely distinguished by different RA-RNTI for all numerology. However, it will require a large number of RA-RNTIs, for examples 8 times of RA-RNTI for subcarrier spacing of 120 kHz compared to LTE of 15 kHz. A larger number of RA-RNTIs may require the RNTI length to increase by more than 16 bits and it might also increase the decoding error probability of PDCCH masked with RA-RNTI. 
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Figure 3. Example of RA-RNTI calculation in option 2
Figure 3 shows an example for the option 2 of Alt2. Option 2 applies the same RA-RNTI calculation rule as in LTE for all cells, but the UE may use the same RA-RNTI for the RAPs transmitted on consecutive RACH occasions in a subframe. Therefore, it would be considered to be a collision even if gNB can distinguish them when different UEs transmit the same RAP index on different RACH resources in a subframe. The RAP collision within a subframe has already existed in LTE. However, if we’d like to alleviate this competition in NR, we can discuss how to resolve RAP collision within a subframe. For example, the time unit information, e.g., slot and/or symbol index, can be included in RAR message. 
When considering CA operation, Alt.1 seems not desirable in terms of complexity. In addition, it wouldn’t be easy from network point of view to configure a proper RA parameters considering numerologies of all cells. Therefore, Alt.1 is the least preferred option. Given that distinguishing RA-RNTI is not the only option to achieve RAP collision avoidance within a subframe, option 2 seems sufficient because it could support CA with different numerology case easily by reusing LTE RA-RNTI calculation
Proposal 1. The UE calculates the RA-RNTI based on a subframe in the same manner as LTE. 
Proposal 2. While CA with different numerology is configured, RAR window size and offset for the UE are configured based on the time unit of PCell regardless of the numerology of cell where the preamble was transmitted.
Proposal 3. RAN2 further discuss how to resolve the RAP collision within a subframe.
3.	Conclusion
In this contribution, we discuss the potential impact of different numerology on RA-RNTI calculation from RAN2 perspectives, and our observations and proposal are as follows.
Observation 1. RA-RNTI calculation based on the numerology dependent time unit may require different RA configuration per numerology. And it results in a high complexity for both UE and gNB, in particular when the UE transmits a RAP on a Scell with different numerology from the Pcell. 
Observation 2. If RA-RNTI calculation is based on a unified time unit for all numerology, the common RA parameters such as the length of offset and RAR window size can be used across all cells even if different numerology are used in CA. While CA is configured, the RAR window for the UE would be configured based on the time unit of Pcell.
Proposal 1. The UE calculates the RA-RNTI based on a subframe in the same manner as LTE. 
Proposal 2. While CA with different numerology is configured, RAR window size and offset for the UE are configured based on the time unit of PCell regardless of the numerology of cell where the preamble was transmitted.
Proposal 3. RAN2 further discuss how to resolve the RAP collision within a subframe.
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