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1	Introduction
At the RAN1 #88bis meeting, the following agreements were made on SS blocks and SS burst sets [1]:
	Agreements:
· The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are
· For frequency range up to 3 GHz, the maximum number of SS-blocks, L, within SS burst set is [1, 2, 4]
· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L, within SS burst set is [4, 8]
· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L, within SS burst set is [64]
· The way the value of L is reflected in specification is FFS
· Aforementioned values are to be used to facilitate the NR initial access design and evaluate the specification impact
· Possibility of having unified frequency agnostic signaling design is not precluded

Agreements:
· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz
· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges
· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements

Agreements:
· Same set of configuration values for SS periodicity for CONNECTED/IDLE & non-standalone cases
· Values for configuration set for CONNECTED/IDLE & non-standalone case
· {5, 10, 20, 40, 80, 160} ms
· FFS: how the at least a part of SFN is indicated in PBCH in relation to PBCH TTI
· Send a LS to RAN4 asking confirmation for 5 ~ 80ms, and ask confirmation for support of 160 ms




In this contribution, we discuss RACH resource configuration and multi-beam RAR window design when the agreement that the maximum number of SS blocks is 64 for frequency above 6GHz is taken into account.

2	Multi-beam PRACH Resource Configuration
In LTE, a PRACH preamble transmission is for random access request and/or timing advance estimation. With multi-beam operation in NR, besides the above two purposes, it implicitly notifies gNB which SS block (DL TX beam) is the most suitable for the UE that transmits the preamble. At the previous RAN1 meeting, it has been agreed that the maximum number of SS blocks within SS burst set for frequency range from 6GHz to 52.6GHz is 64. When gNB transmits SS blocks, it sweeps over its DL TX beams. On the other hand, gNB sweeps over its RX beams during PRACH preamble transmissions. When the gNB detects a preamble sent by a UE, gNB learns about which DL TX beam the UE prefers by the association between SS blocks and RACH resources. The amount and periodicity of RACH resources hence depends not only on the traffic loading but also on the number of SS blocks and beam correspondence scenarios.  
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2.1	Link budget analysis
In this subsection, we compute the required preamble sequence time duration for a PRACH preamble transmission corresponding to one SS block assuming there is beam correspondence at the gNB. There are three deployment scenarios that shall be supported by a carrier frequency above 6GHz [2]. We take the largest deployment scenario, an ISD=500m Urban Macro deployment, as an example to analyze the required preamble sequence duration, TSEQ, using the parameters from Table 1. The non-line-of-sight (NLOS) path-loss model for the UMa channel is given by [3]


with . The PRACH signal power received at the gNB baseband input is computed as follows



with . Finally, the required preamble sequence time duration is obtained by 


The resulted TSEQ is 59.14 us and is roughly round up to 60us for evaluation simplicity.
[bookmark: _Ref481822192]Table 1: Link budget parameters for analysis of preamble coverage
	Parameter
	Value

	Deployment scenario
	Urban Macro

	Channel model
	Uma

	ISD
	500m (d2D = cell radius = 2/3*ISD = 333.3m)

	Carrier frequency (fc)
	30 GHz

	Antenna height (hBS)
	25 m

	UE antenna height (hUT)
	1.5 m

	UE transmission power (Pmax)
	23 dBm

	UE antenna gain and array gain (GUE, dBi)
	12 dBi

	BS antenna element gain + connector loss (Gant)
	6 dBi

	BS array gain (Garr)
	9 dB

	Multi-path fractional gain (Gmpf)
	-6 dB

	Shadow fading standard deviation (σSF, dB)
	6 dB

	Receiver noise figure (Nf )
	7 dB

	Thermal noise density (N0)
	−174 dBm/Hz

	Required Ep/N0
	21 dB [4]

	Penetration loss (Pn)
	0 dB

	log-normal fade margin (LF)
	0 dB



2.2	PRACH Resource Configuration
Based on the previous link budget analysis results, the maximum time duration for PRACH occasions the gNB needs to sweep over all its 64 RX beams is 64*60us ~= 3840us if analog beamforming is applied and we have assumed one SS block is associated with one beam at gNB. In a 120kHz numerology, this requires about 32 slots with the assumption that there are 14 OFDM symbols per slot and the duration of each slot is 125us. In Figure 1, we illustrate an example of PRACH resource configuration where one PRACH time-frequency is associated with all SS blocks within SS burst set. In this example, the time duration of this resource is 3840us which degrades the scheduling flexibility at gNB when analog beamforming is considered. Additionally, if the following RAR window is designed in manner that preambles associated with all SS blocks are responded in the same RAR window (See Section3.3 in this contribution for more details), then the RA-RNTI value would range from 1 to 3840 where we simply extend the RA-RNTI calculation from LTE by RA-RNTI=1+t_id+10*f_id+60*beam_id. This leads to an increase of the ratio of RA-RNTI over all 16-bit RNTI values from 0.1% in LTE to 5.9%. This RA-RNTI value consumption is obviously too large to be adopted to NR. 

Figure 1: PRACH resource configuration with one PRACH time-frequency resource associated with all SS blocks within SS burst set
Another configuration example is illustrated in Figure 2 where one PRACH time-frequency resource is only associated multiple but not all SS blocks within SS burst set. This would reduce the required time duration for each PRACH time-duration. For example, if we associate one PRACH time-frequency resource with 4 SS blocks, the required time duration for each PRACH time-frequency resource is only 240us that is about 2 slots with a 120kHz numerology. This would provide gNB more scheduling flexibility. In addition, if we assume there is a RAR window following each PRACH time-frequency resource and the overall PRACH overhead is the same, the average of PRACH latency of the configuration in Figure 2 is shorter than that in Figure 1. Furthermore, because these RAR windows are not overlapped in time dimension, the RA-RNTI values used in one RAR can be reused by other RAR windows. 

 Figure 2: PRACH resource configuration with one PRACH time-frequency resource associated with multiple but not all SS blocks within SS burst set

[bookmark: _Ref481840039]Observation 1: When the number of SS blocks within SS burst set is large, the PRACH resource configuration that one PRACH time-frequency is associated with multiple but not all SS blocks within SS burst set provides gNB more scheduling flexibility. 
[bookmark: _Ref481840045]Observation 2: RA-RNTI values used in one RAR window can be used in another RAR window as long as these two windows are not overlapped in time dimension. 

3	Discussion on Multi-beam RAR Window Design
In NR multi-beam operation, the DL TX beam for RAR can be obtained according to the detected RACH preamble and resource and the corresponding association. Based on this, there are three alternatives for RAR delivery. Examples of the three alternatives are illustrated in Figure 3, Figure 4, and Figure 5, respectively. In the following subsections, we discuss the advantages and problems of each alternative. Additionally, examples of RA-RNTI design are also introduced.
· Alt.1 (one-to-one): one RAR window per subset of RACH resources associated with each DL TX beam
· Alt.2 (multiple-to-one): one RAR window shared among subsets of RACH resources associated with multiple (excluding all) DL TX beams
· Alt.3 (all-to-one): one RAR window shared among subsets of RACH resources associated with all DL TX beams 
3.1	Alt.1 (one-to-one)
In Alt.1, RAR windows associated with different DL TX beams are located at different time and do not overlap with each other. RA-RNTI in each RAR window can follow the design in LTE which is derived from the corresponding PRACH time-frequency resource. For example, it can be derived by RA-RNTI=1+t_id+10*f_id where t_id and f_id are the indices of PRACH resources in time and frequency dimension respectively. 
An example of Alt.1 is shown in Figure 3. The advantage of Alt.1 is that the duration of the RAR window a UE has to monitor is shorter than Alt.2 and Alt.3. And thus UE power consumption is the least in Alt.1. In Figure 3, UE-1 detects downlink synchronization signal with the downlink transmission direction at TX Beam 1. UE-1 transmits preamble in the PRACH resource subsets associated with DL TX Beam 1 and waits for RAR in the first RAR window. In contrast to UE-1, UE-2 detects downlink synchronization signal with downlink transmission direction at DL TX Beam 3. As illustrated in Figure 3, UE-2 can only expect to receive RAR in the third RAR window. Obviously, an issue with Alt.1 is that latency between RAR windows associated with different DL TX beams can be very unequal. Another issue with Alt.1 is that base station (BS) has less scheduling flexibility. If the PRACH resources where BS has detected preambles are corresponding to DL TX Beam 4 but not to Beams 1, 2, and 3, it still has to wait until the RAR window associated with DL TX Beam 4 to transmit RAR.  


[bookmark: _Ref478134216]Figure 3: An example of Alt.1 that one RAR window is associated with one DL TX beam
[bookmark: _Ref481840070]Observation 3: Alt.1 demands the least UE power consumption among the three alternatives but provides less BS scheduling flexibility. Additionally, latency between RARs associated with different DL TX beams is highly unbalanced. 
3.2	Alt.2 (multiple-to-one)
In Alt.2, a RAR window is shared among subsets of RACH resources associated with multiple (excluding all) DL TX beams. In the example shown in Figure 2, the first RAR window is associated with DL TX Beam1 and Beam2. An economical design for RA-RNTI in Alt.2 would be RA_RNTI=1+t_id+10*f_id+60*(beam_id mod N) where N is the number of DL TX beams (SS blocks) associated with the same RAR window. Compared with Alt.1, UE power consumption is larger in Alt.2. But it offers more BS scheduling flexibility. In this alternative, the unbalanced latency problem still exists among RAR windows associated with different sets of DL TX beams. 


[bookmark: _Ref478134234]Figure 4: An example of Alt.2 that a RAR window is associated with multiple DL TX beams with N=2
[bookmark: _Ref481840080]Observation 4: Alt.2 requires more UE power consumption than Alt.1. But it also provides more BS scheduling flexibility. 
3.3	Alt.3 (all-to-one)
In Alt.3, all DL TX beams are associated with the same RAR window and hence beam index information is required for deriving RA-RNTI. An example of RA-RNTI design for Alt.3 is RA-RNTI=1+t_id+10*f_id+60*beam_id. Alt.3 provides the most BS scheduling flexibility and a possible solution to the issue of unbalanced latency mentioned in Alt.1. However, the RAR window duration is the largest and it hence demands the most UE power consumption.

[bookmark: _Ref478134244]Figure 5: An example of Alt.3 that one RAR window is associated with all DL TX beams

[bookmark: _Ref481840085]Observation 5: Alt.3 offers the most BS scheduling flexibility among all three alternatives at the price of the most UE power consumption. 
[bookmark: _Ref481840090]Observation 6: Alt.2 provides a better trade-off among UE power consumption, BS scheduling flexibility and latency.
[bookmark: _Ref481840103]Proposal 1: NR should support Alt.2 (multiple-to-one) multi-beam RAR window design.
4	Proposed Multi-beam RAR Window Design
As mentioned in the previous section, both Alt.1 and Alt.2 result in a problem that latency among RARs associated with different DL TX beams is unequal. In order to reduce the latency imbalance, we propose an inconsecutive and interleaved RAR window design. As shown in Figure 4, with the proposed RAR window design, the total duration a UE has to monitor for receiving RAR is the same as that in Alt.1. The proposed RAR window design also leads to a more balanced latency associated with different DL TX beams. 

[image: ]
[bookmark: _Ref478135241]Figure 6: An example of inconsecutive and interleaved multi-beam RAR window design

[bookmark: _Ref481840094]Observation 7: The proposed inconsecutive and interleaved multi-beam RAR window design provides a better trade-off among UE power consumption, BS scheduling flexibility and latency.
[bookmark: _Ref481840118]Proposal 2: NR should support the proposed inconsecutive and interleaved multi-beam RAR window design.
5	Conclusion
In this contribution, we discuss PRACH resource configuration, RAR window design and the associated RA-RNTI design for multi-beam operations. We then propose an inconsecutive and interleaved multi-beam RAR window design to provide a good trade-off among UE power consumption, BS scheduling flexibility and latency. Observations and proposals are organized in the following: 
Observation 1: When the number of SS blocks within SS burst set is large, the PRACH resource configuration that one PRACH time-frequency is associated with multiple but not all SS blocks within SS burst set provides gNB more scheduling flexibility.
Observation 2: RA-RNTI values used in one RAR window can be used in another RAR window as long as these two windows are not overlapped in time dimension.
Observation 3: Alt.1 demands the least UE power consumption among the three alternatives but provides less BS scheduling flexibility. Additionally, latency between RARs associated with different DL TX beams is highly unbalanced.
Observation 4: Alt.2 requires more UE power consumption than Alt.1. But it also provides more BS scheduling flexibility.
Observation 5: Alt.3 offers the most BS scheduling flexibility among all three alternatives at the price of the most UE power consumption.
Observation 6: Alt.2 provides a better trade-off among UE power consumption, BS scheduling flexibility and latency.
Observation 7: The proposed inconsecutive and interleaved multi-beam RAR window design provides a better trade-off among UE power consumption, BS scheduling flexibility and latency.
Proposal 1: NR should support Alt.2 (multiple-to-one) multi-beam RAR window design.
[bookmark: _GoBack]Proposal 2: NR should support the proposed inconsecutive and interleaved multi-beam RAR window design. 
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