Page 1
3GPP TSG RAN WG1 Meeting RAN1 #88														R1-1702185
Athens, Greece 13th - 17th February 2017
Source: 	Intel Corporation 
Title:	4-step Random Access Procedure
Agenda item:	8.1.1.4.2.
Document for:	Discussion and Decision

1. Introduction
The following are RACH multi-beam operation agreements from the previous RAN1 meetings.
	· For 4-step RACH procedure, a RACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular tx beam 
· For 4-step RACH procedure, 
· NR at least supports transmission of a single Msg.1 before the end of a monitored  RAR window
· NR 4-step RACH procedure design should not preclude multiple Msg.1 transmissions until the end of RAR window if need arises
· For NR RACH Msg. 1 retransmission at least for multi-beam operation:
· NR supports power ramping. 
· [bookmark: OLE_LINK1]If the UE conducts beam switching, working assumption that one of the alternatives below will be selected (configurability between multiple alternatives may be considered if clear benefit is shown): 
· Alt 1: the counter of power ramping is re-set.
· Alt 2: the counter of power ramping remains unchanged.
· Alt 3: the counter of power ramping keeps increasing. 
· Other alternatives or combinations of the above are not precluded.
· If UE doesn’t change beam, the counter of power ramping keeps increasing.
· Note: UE may derive the uplink transmit power using the most recent estimate of path loss.
· The detail of power ramping step size is FFS.
· Whether UE performs UL Beam switching during retransmissions is up to UE implementation
· Note: which beam UE switches to is up to UE implementation
· When Tx/Rx reciprocity is available at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode
· Association between one or  multiple  occasions for DL broadcast channel/signal and  a subset of RACH resources is informed to UE by broadcast system information or known to UE
· FFS: Signaling of  “non-association”
· Detailed design for RACH preamble should be further studied
· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources
· FFS: Tx beam selection for RACH preamble transmission
· At gNB, the DL Tx beam for the UE can be obtained based on the detected RACH preamble and would be also applied to Message 2
· UL grant in message 2 may indicate the transmission timing of message 3
· For the cases with and without Tx/Rx reciprocity, the common random access procedure should be strived
· When Tx/Rx reciprocity is not available, the the following could be further considered for at least UE in idle mode
· Whether or how to report DL Tx beam to gNB, e.g.,
· RACH preamble/resource
· Msg. 3
· Whether or how to indicate UL Tx beam to the UE, e.g., 
· RAR




In [3], we have discussed some issues for the TA derivation for non-reciprocal UE, and we have observed that independent UL/DL beam management can result in large TA range. As the common RACH procedure should be strived for the cases with and without Tx/Rx reciprocity, in this contribution, we would like to discuss the TA derivation issue for the cases with and without Tx/Rx reciprocity. 

2. Beam Correspondence Indication
[bookmark: _GoBack]
For the UEs with beam correspondence, the UE may directly reuse the DL Rx beam to be the UL Tx beam. However for those without beam correspondence, some beam sweeping operation should be used to help the UE to determine the best UL Tx beam. Some UL beam management procedures could be simplified or skipped if the UE has the ability of beam correspondence. For UL beam management P-1, which can help to get the initial UL Tx-Rx beam pair, if the gNodeB could know that the beam correspondence could be assumed in UE side, it does not need to take the UL Tx beam for the initial access messages into account. Hence there can be the following options on when to report the UE beam correspondence capability.
· Option 1: reporting the UE beam correspondence in Msg1
· Option 2: reporting the UE beam correspondence in Msg3
· Option 3: reporting the UE beam correspondence during UE capability reporting procedure

For option 1, since the gNodeB could get the UE beam correspondence capability, it does not need to consider UE’s Tx beam for Msg3 and following messages for initial access if the UE has the ability of beam correspondence; otherwise it may trigger the UL beam management P-3 to refine the UE’s Tx beam for the follow-up transmission. To transmit the UE beam correspondence in Msg1, one possible way is to utilize the preamble index of PRACH to carry such information. For example, the preamble index can be divided into two groups: one is used for UE with beam correspondence; the other is used for the UE without beam correspondence. 
For option 2, the gNodeB could let the UE determine its Tx beam for Msg3. The UE may use the same Tx beam as Msg1 to transmit the Msg3. Then when the gNodeB receives the Msg3 with beam correspondence reporting, it could decide whether the UL beam management P-3 should be used to refine the UE Tx beam for the follow-up UL transmission. As the required decoding SINR for PRACH may be lower than Msg3, to re-use the Tx beam in PRACH may not be able to get the Msg3 received successfully. 
For option 3, the gNodeB could only know whether the UL beam management P-3 should be involved after receiving the UE capability reporting. Then for the messages transmitted before the UE capability reporting, the gNodeB may have to let the UE decide which Tx beam to be used. One possible way is that the UE could always use the Tx beam in Msg1 to transmit all the UL messages before UE capability reporting is done. As the decoding SINR for PRACH and Msg3 may be lower than the follow-up messages, some of the follow-up messages may not be received correctly. Then the latency of initial access may be increased.
Hence in general at least one of the 3 options should be supported, but it could be better to let the gNodeB know earlier that whether the UE has the ability of beam correspondence so that the gNodeB could schedule the UL beam management P-3 to find a good Tx beam to accomplish the follow-up initial access related procedures.
Proposal 1: 
· The decoding performance for initial access should be taken into account to determine when to report the UE’s beam correspondence, at least one of the following options should be supported for UE beam correspondence reporting:
· Option 1: transmitted in Msg1
· Option 2: transmitted in Msg3
· Option 3: transmitted in UE capability reporting procedure


3. Multiple TAs
To incorporate UE beamforming gain in initial access, it would be beneficial for the UE to perform DL beam management procedure P-1 to acquire TRP TX beam and UE RX beam. However, there is no guarantee that the acquired DL TRP-UE beam pair is the best UL TRP-UE beam pair. In fact, UE may trade the acquired beam quality with the access latency as further beam optimization for data communication can be left for DL beam management procedure P-2/P-3. For UE with at least partial channel reciprocity, it can use the acquired DL RX beam as UL TX beam to send PRACH signal. On the other hand for UE without channel reciprocity, UE/TRP has to perform independent UL beam management procedure U-1 using PRACH[1]. Similarly, UE/TRP can perform UL UE/TRP beam sweeping until a good UL UE-TRP beam pair has been identified. Although the channel by nature is reciprocal in particular in a TDD system, the acquired DL TRP-UE beam pair may propagate through different channel paths from the acquired UL UE-TRP beam pair due to independent DL/UL beam management procedures. Generally with regard to the channel reciprocity, there can be the following cases during initial access:
Case 1: same UE TX/RX beam, same TRP TX/RX beam
Case 2: different UE TX/RX beam, same TRP TX/RX beam
Case 3: same UE TX/RX beam, different TRP TX/RX beam
Case 4: different UE TX/RX beam, different TRP TX/RX beam
When deriving the TA, the Round Trip Delay (RTD) can be calculated by , where  indicates the time difference between the different channel clusters that the DL and UL beam pair propagate through. For case 1, which can be viewed with full channel reciprocity in both TRP and UE side,  can be 0 and for the other cases, which may come from non-calibrated antenna in either UE side or TRP side or both side,  should be above 0. 
Figure 1 illustrates the CDF of potential additional TA range with independent DL/UL beam sweep for UMi indoor UEs at 30GHz carrier frequency. The UEs with two strongest channel clusters having less than 3dB power difference are chosen. And the additional TA range is calculated as channel cluster delay difference. Roughly 73% indoor UEs satisfy this condition. If we assume that CP is reduced proportionally to sub-carrier spacing, normal CP length is reduced to 1.17 us for 60 kHz subcarrier spacing and scaled down further with wider sub-carrier spacing. Then the additional TA range can be comparable or even much larger than CP length.
[image: ]
[bookmark: _Ref474118943]Figure 1: Potential additional TA  range with independent DL/UL beam sweep.
Therefore the range of TA for different cases could be quite different. For example, if the channel reciprocity can be confirmed in both TRP and UE side, the range of TA can be small. However if no channel reciprocity can be confirmed, the range of TA can be large. Such channel reciprocity is determined by whether both UE and TRP antenna is calibrated. Thus to save the overhead of RAR, for calibrated UE and TRP, the size of TA bit width can be small. So some signalling to indicate the reciprocity in TRP and UE side could be helpful to determine the range of TA.
Observation 1: 
· The range of TA can be determined by whether the antenna is calibrated in TRP and UE side.

Proposal 2: 
· Different range of TA in RAR can be considered for different reciprocity cases to save the overhead.

Proposal 3: 
· Some signalling on the indication of reciprocity in TRP and UE side during initial access can be taken into account to determine the range of TA.

4. Conclusions
In this contribution we have discussed the TA derivation for the cases with and without reciprocity, and its impact to RAR signaling. We have the below observations and proposals:
Observation 1: 
· The range of TA can be determined by whether the antenna is calibrated in TRP and UE side.

Proposal 1: 
· The decoding performance for initial access should be taken into account to determine when to report the UE’s beam correspondence, at least one of the following options should be supported for UE beam correspondence reporting:
· Option 1: transmitted in Msg1
· Option 2: transmitted in Msg3
· Option 3: transmitted in UE capability reporting procedure

Proposal 2: 
· Different range of TA in RAR can be considered for different reciprocity cases to save the overhead.

Proposal 3: 
· Some signaling on the indication of reciprocity in TRP and UE side during initial access can be taken into account to determine the range of TA.
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