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1 Introduction
In RAN2 #99bis meetings [1], we have follow agreements for RA-RNTI formula.
=>	At least time and frequency is used in the RA-RNTI formula

2 Discussion
In LTE, network identifies the detected preamble by indicating the PRACH resource and preamble sequence of the detected preamble. PRACH resource is indicated by RA-RNTI which specifies the time and frequency information of PRACH resources, while preamble sequence index is explicitly indicated in the RAR content.
In addition to time (in subframe), frequency, and preamble ID, in NR two additional information is considered to identified the detected preamble:
· Symbol-level time information: In LTE, time is in the unit of subframe; while in NR, a preamble may be only several symbol long. So, symbol-level time granularity is needed.

· SS block index/ CSI-RS configuration: RAN1 has agreed to have the association between SS block index/ CSI-RS configuration  and PRACH resource. So, time and frequency information is enough for network to indicate the detected preamble along with the SS block/CSI-RS UE select. Therefore, RA-RNTI works even if SS block/CSI-RS is not considered in RA-RNTI. 

However, including SS block/ CSI-RS into RA-RNTI may reduce PDSCH decoding complexity. To be specific, when multiple SS blocks are mapped to one RACH occasion and share the same RAR CORESET, then UE can tell whether the RAR is for him by PDCCH decoding only without carrying out PDSCH decoding if the UE receives PDCCH transmitting from a beam that is QCLed with a SS block/CSI-RS that is not selected by the UE.

Observation 1: NR has finer RACH time granularity requirement than LTE does.
Observation 2: Including SS block index/CSI-RS into RA-RNTI may reduce PDSCH decoding effort when multiple SS blocks are mapped to one RACH occasion and share the same RAR CORESET.
Considering symbol-level time information, there is a tradeoff between required number of RA-RNTI and PDSCH decoding effort based on whether it is included in RA-RNTI formula or 	is in RAR content, as shown in table 1.
Table 1. Tradeoff between RA-RNTI usage and PDSCH decoding effort
	Location of Symbol-level time information
	Alternative 1:
Included in RA-RNTI formula
	Alternative 2 :
Included in RAR content

	Pro
	· Aligned with LTE design, i.e., RA-RNTI specify PRACH resource
· UE saves PDSCH decoding if the PDCCH of RAR is not screambled with the corresponding RA-RNTI.
	Require the same number of RNTI values for random access as in LTE

	Con
	Require multiplied RNTI values for random access than LTE
	If a subframe includes multiple RACH slots, UE should always decode PDSCH of RAR to check symbol level time information.




To reduce UE decoding effort, we prefer to include both symbol-level and subframe/slot level time information in RA-RNTI formula. For example, the RA-RNTI formula may look like the ways as below:

Example 1: Specify the symbol number in a radio frame
· For short-sequence preamble format: RA-RNTI=c+t1id+14×t2id+14×N×fid
· c: a constant RNTI offset
· t1id : the starting symbol index of the preamble within a slot
· t2id : the slot index within a radio frame
· N: the number of slots within a radio frame which is subcarrier spacing dependent, e.g. N=80 for SCS=120kHz
· For long-sequence preamble format:  RA-RNTI=c+tid +N×fid
· c: a constant RNTI offset
· tid: the slot index within a radio frame
· N: the number of slots within a radio frame which is subcarrier spacing dependent, e.g. N=80 for SCS=120kHz

Example 2: Specify RACH occasion (RO) index in a radio frame
· RA-RNTI=c+tid+Nro×fid
· c: a constant RNTI offset
· tid: the RACH transmission occasion index in the time dimension within a radio frame for a given PRACH configuration index
· Nro: the number of RACH transmission occasions in the time dimension within a radio frame for a given PRACH configuration index

Proposal 1: Each RA-RNTI uniquely identifies a specific PRACH resource, i.e., in symbol-level time granularity.

Similarly, including SS block index/CSI-RS configuration in RA-RNTI formula may further reduce some decoding effort while with the multiplied RNTI consumption. So, we have the following proposal.
Proposal 2: RA-RNTI calculation can include SS block indices or CSI-RS configurations within a RACH occasion if the number of consumed RA-RNTI values is affordable in NR.  
[bookmark: _GoBack]A detailed analysis on the required number of RA-RNTI considering intruducing symbol-level time information and/or SS block index / CSI-RS configurations is provided in [2].
3 Conclusions
In this contribution, we discuss the design of RA-RNTI formula, and we think it is meaningful to reduce unnecessary PDSCH decoding for RAR. Based on above discussion, the followings are proposed:
Proposal 1: Each RA-RNTI uniquely identifies a specific PRACH resource, i.e., in symbol-level time granularity.
Proposal 2: RA-RNTI calculation can include SS block indices or CSI-RS configurations within a RACH occasion if the number of consumed RA-RNTI values is affordable in NR.
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