[bookmark: _Ref284200431]3GPP TSG RAN WG1 Meeting #90bis							R1-1718004
Prague, Czech, 9th – 13th, October 2017
Source:	ETRI
Title:		Remaining details on RACH procedure
Agenda item:	7.1.4.2
Document for:	Discussion/Decision
Introduction
In last RAN1-NR#3 meeting, several agreements related to NR physical random access channel (PRACH) design and RA procedure meeting as shown below [1].
Agreements:
· At least for initial access, the association between SS blocks and RACH preamble indices and/or RACH resources is based on the actually transmitted SS blocks indicated in RMSI
Agreements:
· RMSI indicates only a single transmit power for SS blocks in Rel-15
· For initial access, threshold for SS block selection for RACH resource association is configurable by network, where the threshold is based on RSRP
· FFS details, including ping-pong effect handling 
Conclusion:
· FFS Message 2 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying message 2 is QCL'ed with the SS block which the preamble/RACH occasion the UE sent is associated to
· FFS Message 3 is transmitted by the UE assuming that the same Rx beam as was used for PRACH preamble reception by gNB to which the received RAR is associated to
· FFS If there is no beam reporting in RACH message 3, Message 4 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying message 4 is QCL'ed with that of Msg 2 
· FFS: If there is beam reporting in RACH message 3
· FFS: If and how beam reporting in RACH message 3 impacts message 4 Tx QCL assumption

In this contribution, we discuss some remaining details for NR-RACH procedure following the listed essential topics for finalization of NR-RACH procedure [2].
SS block to RACH resource/preamble index association
Figure 1 shows an example of multi-beam directions for both Tx beams and Rx beams at gNB side. In this example, we assume the total number of Tx beams  equals to the total number of Rx beams , which is eight in Figure 1. Before sending Msg. 1, gNB will first broadcast its SS burst set to UEs. In this example, a SS burst set contains eight SS blocks (SSBs) and each gNB Tx beam transmit a SSB with different SSB index. For SSB transmissions, gNB in Figure 1 will transmit its eight SSBs consecutively in time domain through Tx beam sweeping. Then, UE A will receive S0 first and UE B will receive S1 later, since they are covered by different Tx beams.

Figure 1. An example illustrating Tx-Rx beam directions at gNB

Figure 2. An example of SSB to RACH resource association mapping without Tx-Rx mismatching at gNB when 
SSB to RACH resource association for long sequence formats
If gNB Tx beam directions are exactly same as Rx beam directions, SSB to RACH resource mapping as shown in Figure 2 can be used for UE to report its optimal downlink (DL) Tx beam direction of gNB implicitly using RACH resources. That is, after receiving S0, UE A can send it Msg. 1 using the RACH resources dedicated for S0. Consequently, if gNB detects UE A’s preamble and recognizing the RACH resources it used, gNB knows that UE A is within the coverage of Tx/Rx beam 1.
If gNB Tx beam directions and Rx beam directions are mismatched as shown in Figure 1, a UE cannot report gNB its optimal DL Tx beam using the mapping in Figure 2. There are two possible options for this UE to report its optimal DL beam index.
· Option 1: A UE can transmit its Msg. 1 using multiple RACH resources in time domain, and the preamble sequences corresponding to different SSBs can be same. In this case, different RACH resource locations are used for differentiating SSBs from gNB perspective.
· Option 2: A UE can transmit its Msg. 1 using multiple RACH resources in time domain, and the preamble sequences corresponding to different SSBs should be different. In this case, preamble sequences grouped into different groups, and they are used for differentiating SSBs from gNB perspective.
Figure 3. An example of SSB to RACH resource association mapping following the idea of option 1 for solving Tx-Rx mismatching problem when 

Figure 4. An example of SSB to RACH resource association mapping following the idea of option 2 for solving Tx-Rx mismatching problem when 
Figure 3 shows an SSB to RACH resource mapping corresponding to option 1. Since the preambles from the same UE can be received by two adjacent Rx beams, gNB will be able to recognize the optimal DL Tx beam for this specific UE by knowing the RACH resources used by this UE. In Figure 1, for example, UE A can send its Msg. 1 using two RACH resources for S0 in Figure 3, and UE B can send its Msg. 1 using two RACH resources for S1. When gNB performs Rx beam sweeping at the beam sweeping timing as shown in Figure 3, gNB can detect both UE A’s Msg. 1 and UE B’s Msg. 1 through Rx beam 2 on different RACH resources. Therefore, gNB can recognize there are two UEs and the optimal DL Tx beam for each of them.
Figure 4 shows an SSB to RACH resource mapping for this case. By using this mapping, UE A can send its Msg. 1 using two RACH resources for S0 in Figure 7, and UE B can send its Msg. 1 using two RACH resources for S1. When gNB performs Rx beam sweeping at the beam sweeping timing as shown in Figure 8, gNB can detect both UE A’s Msg. 1 and UE B’s Msg. 1 through Rx beam 2 since that UE A’s preamble and UE B’s preamble are generated using the sequences from different sequence groups. Therefore, gNB can recognize there are two UEs and the optimal DL Tx beam for each of them.
When comparing SSB to RACH resource mappings following the idea of option 1 and option 2, it is obvious that the mapping of option 1 (Figure 3) occupies two times more RACH resources in time domain. This will lead to longer RA latency. On the other hand, the mapping of option 2 (Figure 4) can save RACH resources in time domain, however all the available preamble sequence need to be grouped and assigned to different SSBs, and the interference level on each RACH resource may be doubled compared to option 1 since that a RACH resource is reused by two SSBs. From the UE perspective in this example, UE’s power consumption in case of option 1 is lower than that of option 2 due to different interference level in each RACH resources in both options. Also, we can figure out that the Tx/Rx beam direction mismatching at gNB may lead to different SSB to RACH resource association pattern.
Observation 1: gNB Tx/Rx mismatching should be taken into consideration when designing SSB to RACH resource association mapping.
The above examples are given when assuming  at gNB. For the other cases, such as  and , the SSB to RACH resource association mapping should be modified correspondingly.
Observation 2: The relationship between gNB Tx and Rx beam numbers should be taken into consideration when designing SSB to RACH resource association mapping.
No matter how many Tx beams and Rx beams at gNB side, gNB can configure to a UE the following parameters for long sequence formats.
Proposal 1: For long sequence formats, gNB configures to a UE the following parameters in RMSI.
· Starting position of RACH resource in time/frequency domain corresponding to at least the first SSB;
· Number of RACH resources corresponding to each SSB;
· Preamble sequence group corresponding to each SSB if it is configurable.
SSB to RACH resource association for short sequence formats
Observation 3: For short sequence formats, frequency domain degree-of-freedom can be used for mapping SSB to RACH resource.
For minimizing the number of bits in RMSI for indicating SSB to RACH association, we propose a SSB to RACH resource association following the idea of option 1 where different RACH resources are used for differentiating gNB Tx beams. 
Proposal 2: When , NR supports the following SSB to RACH resource mapping for short sequence formats,
1. Associating 2 consecutive RACH resources (corresponding to 2 RACH occasions) in time domain to the SSB  on one frequency location .
2. [bookmark: _GoBack]Associating 2 consecutive RACH resources (corresponding to 2 RACH occasions) in time domain to the SSB  on another frequency location .
3. The last one (or several) RACH resource for SSB  should be overlapped with the first one or several RACH resources for SSB  in time domain, for solving gNB Tx-Rx mismatching problem.
4. For alignment in time domain, the information in last one (or several) RACH resource(s) in time domain can be cyclically shifted and mapped to the candidate RACH resources at the beginning.
Figure 5 shows an example of SSB to RACH resource association mapping where we assume that the total number of transmitted SSBs is 24. The mapping occupies two PRBs in frequency domain to solve Tx-Rx mismatching problem. As shown in Figure 5, two RACH resources for S0 are mapped on F0 and two RACH resources for S1 are mapped on F1. In time domain, RACH resources for S0 and S1 are overlapped at the 2nd RACH resource time instance. The same RACH resource mapping method is used for the remaining SSBs.
It is possible to cyclically shift the information carried by the last RACH resources in time domain for keeping the occupied RACH resources on different frequency locations align in time domain. As shown in Figure 5, L1, L2 and L3 indicate three candidate RACH resources for S7, S15, and S23. If gNB contains three transmit/receive points (TRPs) in spatial domain, where each TRP has 8 Tx beams. Then, the Tx beam 1 and Tx beam 8 are adjacent for TRP 1, Tx beam 9 and Tx beam 16 are adjacent for TRP 2, Tx beam 17 and Tx beam 24 are adjacent. Therefore, S7 can be mapped to L1, S15 dan be mapped to L2 and S23 can mapped to L3. On the other hand, if gNB contains only one TRP in spatial domain with 24 beams, then Tx beam 24 and Tx beam 1 are adjacent. Correspondingly, S7 can be mapped to L2, S15 can be mapped to L3 and S23 can be mapped to L1. Figure 6 shows an example of full SSB to RACH resource association mapping with 64 transmitted SSBs. Following the similar idea above, S21, S43 and S63 can be cyclically shifted to RACH resources L1, L2 and L3.

Figure 5. An example of SSB to RACH resource association mapping following the idea of option 1 for solving Tx-Rx mismatching problem when 

Figure 6. An example of SSB to RACH resource association mapping following the idea of option 1 for solving Tx-Rx mismatching problem when 
When gNB supports simultaneous parallel Rx beam sweeping on multiple frequencies and the number of parallel processing is , then the number of RACH resources (after cyclic shifting) needed on each frequency location  corresponding to  SSBs is calculated as
.
Note that the SSB to RACH resource association above is suitable for the case of  at gNB. Accordingly, the indication of this association in RMSI can be very simple as follows.
Proposal 3: For short sequence formats, gNB configures the following parameters to a UE in RMSI when .
· Starting position of RACH resource in time/frequency domain of the first SSB;
· Frequency locations used for SSB to RACH resource mapping if they are not default.
Msg. 1/3
Msg. 1
For Msg. 1 transmission, there is no discussion on the power ramping step size value update after SSB reselection, which may lead to a problem during Msg. 1 transmissions. For example, when a UE decides to select a new SSB, the only reason of SSB reselection is that the path loss estimated based on the new SSB(s) is lower than that of the current adopted SSB. Therefore after SSB reselection, the initial Tx power value should be recalculated and this value is probably lower than the previous calculated initial Tx power. Therefore based on the previous agreements, the Tx power of first Msg. 1 transmission on new PRACH resources is probably lower than the Tx power of previous transmission before SSB reselection. On the other hand, if the same power ramping step size is used after SSB reselection, UE may need more transmissions to achieve its maximum Tx power .
Observation 4: With the limitation of total number of Msg. 1 transmissions, it cannot be guaranteed that the maximum Tx power can be achieved after SSB reselection without updating power ramping step size.
Proposal 4: NR supports power ramping step size reselection after SSB reselection within a power ramping cycle.
Msg. 3
In case of Msg. 3 contents, we do not see the necessity of reporting DL Tx beam in RACH procedure. A successful detected Msg. 2 indicates that the reported DL Tx beam through Msg. 1 is good enough for a successful RACH procedure. Then further DL Tx beam refinement or DL Tx beam optimization can be done through beam management procedure after RACH procedure for reducing the length of Msg. 3 and well as the latency of RACH procedure.
Proposal 5: NR does not support beam reporting in Msg. 3.
Conclusion
In this contribution, we have the following observations and proposals.
For long sequence formats,
Observation 1: gNB Tx/Rx mismatching should be taken into consideration when designing SSB to RACH resource association mapping.
Observation 2: The relationship between gNB Tx and Rx beam numbers should be taken into consideration when designing SSB to RACH resource association mapping.
Proposal 1: For long sequence formats, gNB configures to a UE the following parameters in RMSI.
· Starting position of RACH resource in time/frequency domain corresponding to at least the first SSB;
· Number of RACH resources corresponding to each SSB;
· Preamble sequence group corresponding to each SSB if it is configurable.
For short sequence formats,
Observation 3: For short sequence formats, frequency domain degree-of-freedom can be used for mapping SSB to RACH resource.
Proposal 2: When , NR supports the following SSB to RACH resource mapping for short sequence formats,
1. Associating 2 consecutive RACH resources (corresponding to 2 RACH occasions) in time domain to the SSB  on one frequency location .
2. Associating 2 consecutive RACH resources (corresponding to 2 RACH occasions) in time domain to the SSB  on another frequency location .
3. The last one (or several) RACH resource for SSB  should be overlapped with the first one or several RACH resources for SSB  in time domain, for solving gNB Tx-Rx mismatching problem.
4. For alignment in time domain, the information in last one (or several) RACH resource(s) in time domain can be cyclically shifted and mapped to the candidate RACH resources at the beginning.
Proposal 3: For short sequence formats, gNB configures the following parameters to a UE in RMSI when .
· Starting position of RACH resource in time/frequency domain of the first SSB;
· Frequency locations used for SSB to RACH resource mapping if they are not default.
For Msg. 1/3, we have
Observation 4: With the limitation of total number of Msg. 1 transmissions, it cannot be guaranteed that the maximum Tx power can be achieved after SSB reselection without updating power ramping step size.
Proposal 4: NR supports power ramping step size reselection after SSB reselection within a power ramping cycle.
Proposal 5: NR does not support beam reporting in Msg. 3.
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