3GPP TSG RAN WG1 Meeting #94                                                            	      R1-1808686
Gothenburg, Sweden, August 20th – 24th, 2018  
[bookmark: Source]
Agenda Item:		7.2.2.4.2
Source: 	Intel Corporation
Title:	Enhancements to initial access and mobility for NR-unlicensed   
Document for: 	Discussion/Decision
Introduction 
In 3GPP TSG RAN WG1 Meeting #93 [1], the following agreements were made regarding initial access and mobility in NR unlicensed:
	Agreement:
The following modifications to initial access procedures are beneficial
· Modifications to initial access procedures considering limitations on access to the channel based on LBT
· Develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure
· Enhancement to 4-step RACH
· Mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure
· 2-step RACH potentially has benefit for channel access

Agreement:
Potential modifications to RLM/RRM procedures due to reduced transmission opportunities for DL signals and channels due to LBT failure should be identified and studied

Agreement:
Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied




In this contribution, potential enhancements to NR initial access and mobility to support unlicensed operation will be mainly discussed including the following aspects:
· Enhancements to 4-step random access procedure.
· Considerations of 2-step contention based random access procedure (CBRA).
· Enhancement to the paging monitoring.
Enhancements to the 4-step random access procedure 
To begin with, Release 15 NR uses 4-step random access procedure like LTE. The 4-step random access procedure consists of Msg-1 (PRACH), Msg-2 (RAR), Msg-3 (RRC connection request) and Msg-4 (contention resolution) transmissions. As per the agreements made in the last RAN1 meeting [1], 4 –step RACH procedure can be considered as the baseline for NR-unlicensed and mechanisms to handle LBT related aspects (e.g. reduce transmission opportunities for Msg 1/2/3/4) can be further studied. In this regard, the following enhancements are envisioned for 4-step random access procedure.

Multiple PRACH resource configuration
Wideband operation of NR-unlicensed is possible by configuring the channel BW or the bandwidth part (BWP) to be an integer multiple of 20 MHz spectrum. Consider that a single PRACH resource is configured in a wideband carrier. If 20 MHz spectrum that includes the configured PRACH resource is occupied by other neighbouring network, the preamble transmission has to be delayed to the next occasion and, thereby, the overall initial access delay will increase. 
In order to overcome the abovementioned issue, it can be considered that multiple PRACH resources are configured in the frequency domain as illustrated in the figure below.   
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Figure 1. Multiple PRACH resource configuration in frequency domain on a NR wideband carrier

With multiple PRACH resource configurations in frequency domain, a UE can select a PRACH resource among those that passed LBT. If multiple PRACH resources passed LBT, the UE can choose to transmit the preamble over the PRACH resource that is closest to the lower band edge of the initial UL BWP. For example, as shown in Figure 1, UE would select the second PRACH resource (from the lower band edge), among the two resources that passed LBT. By such structured manner of PRACH resource selection by UE, the gNB would also have more ordered way of implementing preamble detector, which could potentially reduce the blind decoding overhead from gNB processing perspective.
Proposal 1
NR-unlicensed supports multiple PRACH resource configurations in the frequency domain.
· If multiple PRACH resources pass LBT, UE chooses the PRACH resource closest to the lower band edge of the initial UL BWP to transmit the preamble.
Power ramping with preamble transmission
In NR, similar to LTE, a UE ramps up its transmission power when it transmitted preamble but did not hear back from the gNB, i.e., RAR, except for the case when the UE changes its transmission beam. In the licensed spectrum, if a UE intends to transmit preamble, it can always do so in the configured PRACH resource. However, in unlicensed spectrum, it is possible that preamble transmission can be blocked due to the LBT failure for frequency range that contains configured PRACH resource. Since the actual preamble transmission has not been occurred, the actual transmission counter should not be increased. Furthermore, the preamble transmission power should not be ramped up in this case as it is not the case that the preamble was transmitted but not heard by the gNB.
Proposal 2
A UE does not perform power ramping when preamble transmission is not executed due to the LBT failure. 
Extension of the RAR window
Similarly with the motivation described in the previous section, in the unlicensed spectrum, it can be expected that the RAR cannot be transmitted during the configured RAR window due to the medium unavailability, although preamble was correctly received at the gNB. Therefore, it can be considered to extend the maximum configurable RAR window size to accommodate the LBT failure at gNB. By doing so, potential increase in the random access delay due to the failure of RAR transmission can be avoided. 
Proposal 3

The maximum configurable RAR window is extended for NR-unlicensed.
Considerations of 2-step contention based random access procedure
In order to reduce the impact of LBT on random access procedure in unlicensed spectrum, two approaches can be taken:
1. Mechanisms to increase TX opportunities can be incorporated in each step of random access process.
2. Number of message exchanges (i.e. number of steps in RACH procedure) between UE and gNB can be reduced.

While section 2 addresses mechanisms related to approach 1, our view on 2 –step CBRA is explained in this section, which is based on approach 2. The primary notion of 2-step RACH is to reduce the quadruple LBT contentions of 4-step RACH by half using less number of message exchanges between UE and gNB. Instead of 4 message exchanges (Msg 1/2/3/4) in 4-step RACH, 2-step RACH would involve only two messages to be exchanged between UE and gNB, say Msg A and Msg B.
The baseline of 2-step contention based random access procedure can be illustrated as follows:
Step 1 UE sends Msg A to gNB, which is a combination of (Msg 1 + Msg 3) contents of 4-step CBRA.
Step 2 gNB sends a response message, Msg B to UE containing at least UE ID which was included in Msg A for 	contention resolution (Msg 4).
The exact contents of Msg A and Msg B for 2-step RACH need further study to be determined. In contrast to 4-step RACH, the first message of 2-step RACH, Msg A would carry both preamble (Msg 1) and UL data (Msg 3). Hence, resource configuration for Msg A in 2-step RACH would be different from PRACH resource configuration for Msg 1 of 4-step RACH. In addition, a random ID (or high layer ID) for UE identification (similar to Msg 3 in 4-step RACH) is to be included in Msg A. Multiplexing scheme of Msg 1 and Msg 3 into Msg A is another important aspect of 2-step RACH design. From gNB processing overhead perspective, it seems beneficial to multiplex Msg 1 and Msg 3 (into Msg A) in TDM manner rather than FDM, so that if the preamble is not received by gNB, the following data doesn’t need to be processed by gNB. If TDM is applied between Msg 1 and Msg 3, those messages have to be transmitted contiguously in time without any gap in between in order to avoid any unnecessary LBT operation before Msg 3. For Msg B, the content may include additional information along with the contents of Msg 4 from 4 –step RACH. For example, in case of 2-step RACH performed during initial access (i.e. before RRC connection), Msg B needs to include TA (timing alignment) information (similar to Msg 2) for timing synchronization of subsequent UL transmissions post RRC connection. The enhancement scopes discussed in the previous section related to 4-step RACH would also be applicable for 2-step RACH as well, since 2-step RACH involves LBT related contention issues too (even though with reduced overhead compared to 4-step RACH). Improvements related to Msg 1 (e.g. multiple PRACH resource configuration, power ramping etc.) would be applicable for Msg A whereas Msg 2 related enhancements, e.g. increased RAR window size would apply for Msg B. 

Proposal 4 

2-step random access procedure is beneficial for reducing LBT overhead in NR-unlicensed. 
· Similar to 4-step random access procedure, there are scopes for enhancements of message transmission schemes in 2-step RACH to reduce the impact of LBT.
Enhancement to the paging monitoring
It is noted that the latency involved with paging transmission has direct bearing to the call connection latency. This becomes especially an important issue for the standalone system where PCell is also on the unlicensed spectrum. If gNB could not transmit paging due to LBT, the paging transmission would have to be delayed to the next available occasion. Given the significance of paging transmission, it is important to design the paging mechanism reliable for NR-unlicensed system. 
In NR, UE monitors one paging occasion (PO) per DRX cycle and a PO is a set of PDCCH monitoring occasions in which the paging is repeated in all beams of the sweeping pattern. Thus, one straightforward way to increase the paging opportunity is to reduce the DRX cycle duration, which in turn will reduce the benefit of power saving as the UE has to wake up and monitor for PDCCH more often. Alternatively, it can be considered that additional POs are configured per DRX cycle and the POs are back-to-back. Therefore, a UE’s wake-up frequency itself is not increased but the wake-up duration is increased as multiple POs are configured back-to-back. With these multiple POs, the gNB can perform LBT and transmit paging at a later PO, if the LBT fails for the earlier PO(s). 
Proposal 5
Multiple back-to-back paging occasions can be configured per DRX for unlicensed Pcell.
Conclusion
In this contribution, potential enhancements to NR initial access and mobility to support unlicensed operation are discussed. To be more specific, possible enhancements to the 4-step random access procedure are discussed including configuring multiple PRACH resources in the frequency domain, UE power ramping behavior when preamble is not transmitted due to the LBT failure, and the RAR monitoring window extension. Considerations for 2-step contention based random access procedure are explained, including the contents of messages in two steps and possible enhancements that can be applied to reduce the LBT impact. Lastly, paging monitoring window concept is discussed as a potential solution to the paging occasion blocking issue due to LBT. To this end, the following proposals are driven:

Proposal 1
NR-unlicensed supports multiple PRACH resource configurations in the frequency domain. 
· If multiple PRACH resources pass LBT, UE chooses the PRACH resource closest to the lower band edge of the initial UL BWP to transmit the preamble.
Proposal 2
A UE does not perform power ramping when preamble transmission is not executed due to the LBT failure. 
Proposal 3
The maximum configurable RAR window is extended for NR-unlicensed.
Proposal 4
2-step random access procedure is beneficial for reducing LBT overhead in NR-unlicensed. 
· Similar to 4-step random access procedure, there are scopes for enhancements of message transmission schemes in 2-step RACH to reduce the impact of LBT.
Proposal 5
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