
3GPP TSG RAN WG1 Meeting #95	                                                                      R1-1812802
Spokane, USA, November 12th – 16th, 2018

Source:	OPPO
Title:	Initial access and mobility for NR-U
Agenda Item:	7.2.2.4.2
Document for:	Discussion and Decision

Introduction
During the discussions in RAN1#94bis meeting [1], several agreements on the initial access procedure of NR-U have been made as below.

Agreement:
For SSB transmissions as part of DRS:
· It is considered beneficial to expand the maximum number of candidate SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 
· FFS: How to derive frame timing from detected SS/PBCH block 
· Transmitted SSBs do not overlap
· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 
· Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8
· FFS: Duration of DRS transmission window
· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels
· FFS: relationship between transmitted SSB index and QCL assumption at UE
· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission

Agreement:
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
· Frequency-domain enhancement
· Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
· Time-domain enhancements
· For connected mode UE, scheduling of PRACH resources via DCI. 
· Triggered PRACH within TXOP can use a new resource
· For idle mode UE, scheduling of PRACH resources via paging
· Note: potential inefficiency in network resource due to paging across multiple cells
· Additional, new RACH resources are used immediately following detection of DRS transmission
· Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
· Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
· FFS: How to handle potential multiple RARs to same UE
· Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

Agreement:
· It is considered beneficial to configure DMTC(s) (DRS Measurement Time Configuration) in which UEs can perform measurements. 
· DRS-based RRM measurements are performed inside the DMTC(s)
· FFS: Similarity with Rel-15 SMTC
· CSI-RS-based measurements may be performed outside the DMTC(s)
· DRS-based RLM for unlicensed SpCell is performed inside the DMTC(s)
· RLM DMTC may coincide with DRS transmission window
· CSI-RS-based RLM may be performed outside of DMTC(s)
· FFS: Explicit indication is provided by gNB to indicate whether or not DRS and/or CSI-RS transmissions occurred
· FFS: If DMTCs for RRM measurements and RLM are the same or can be different
In this contribution, more discussions on the SSB transmission, random access procedure and RRM measurements in NR-U are aroused.
Discussion
SS Raster
The synchronization raster (SS raster) indicates the frequency positions of the SS/PBCH block that can be used by a UE for system acquisition. Sparser raster means faster cell searching, but may require a larger minimum physical carrier bandwidth. 
In Rel-15, the SS raster for licensed bands has been defined as shown in Table 1. Granularities of the SS raster are 1.2MHz and 1.44MHz for 0-3GHz and 3-24.25GHz respectively. These designs have considered the tradeoff between the complexity of cell search and the flexibility of cell deployment. 
In unlicensed bands, nominal channels with 20MHz bandwidth are defined and only these nominal channels can be used to set up cells, i.e., the flexibility of cell deployment is restricted due to the granularity of available channels. Based on the restriction, unlicensed bands do not need too much SS raster within a nominal channel. Actually, setting one SS raster within each nominal channel could ensure the needs for cell deployment. Thus, the design of SS raster for licensed bands shall be reconsidered in NR-U and RAN1 should try to make the SS raster for unlicensed bands sparser compared to that for licensed bands.
Proposal 1: RAN1 should strive to make the SS raster for unlicensed bands sparser compared to that for licensed bands. 
Table 1   SS raster for different frequency range
	Frequency range
	SS Block frequency position SSREF

	0 – 3000 MHz
	N * 1200kHz + M * 50 kHz, 
N=1:2499, M ϵ {1,3,5} (Note 1)

	3000-24250 MHz
	3000 MHz + N * 1.44 MHz
N = 0:14756

	NOTE 1:	The default value for operating bands with SCS spaced channel raster is M=3.



SS/PBCH block transmission procedure 
For NR-U operation, SS/PBCH block should be transmitted no matter the deployment scenario is CA, DC or SA for the purposes of RRM measurement, synchronization achievement, or initial access. The transmission of SS/PBCH block on unlicensed carriers should follow the LBT regulation, so the periodically transmission of SS/PBCH block may be interrupted due to LBT failures. However, since SS/PBCH block has a higher priority for transmission, modifications to initial access procedures with some enhancements are needed in NR-U. 
In RAN1#94bis meeting, it has been agreed that at most [X] SSBs can be actually transmitted within [Y] candidate SSB positions in a DRS transmission window. Based on the agreement, the relationship between the actually transmitted SSBs and the candidate positions can be further discussed. At least, there are two different ways to map the actually transmitted SSBs to the candidate positions.
Option1. Within a COT, all of the candidate SSB positions can be used to transmit SSBs, as shown in Fig1(a).
Option2. Within a COT, the actually transmitted SSBs should be restricted within [X, e.g. X=8] continuous candidate SSB positions, as shown in Fig1(b)..


		(a)


		(b)
Figure 1 the relationship between the candidate positions and the actually transmitted SSBs
For option1, lots of candidate positions can be used but a relative long time is needed to do the cell detection and measurement. For option2, the actually transmitted SSBs are restricted within 8 continuous candidate SSB positions within a COT, the mechanism for SSB transmission will be similar as that in NR Rel-15.
Proposal 2: The actually transmitted SSBs should be restricted within [X, e.g. X=8] continuous candidate SSB positions in a DRS transmission window.
The duration of DRS transmission window is FFS. The DRS is mainly used for measurement. In LAA, the DMTC occasion duration is 6ms. In NR-U, a similar time window will be defined. If a common DRS transmission windows duration is defined for different numerology, the possible maximum number of candidate SSB position are different with different numerology. Currently the SSB transmission window with different numerologies are within 5ms. In order to provide enough candidate SSB positions for possible LBT failure, the duration of DRS transmission window should be at least 10ms for double number of SSB candidate positions in the worst case. In the DRS transmission window, for each numerology, the number of candidate SSB positions should be as many as possible. The gNB will have more chance to get channel access for SSB transmission. For example, all the slots in the defined DRS transmission window have SSB candidate positions. In this case, the number of candidate positions may not be an integer multiple of the number of transmitted SSB. As shown in figure 2, with different numerologies, the SSB position in a 5ms window is different. If the transmission window is extended to a DRS transmission window, the candidate positions should be defined for each numerology. It is beneficial that all slots are full of candidate positions. An example of 10ms DRS transmission window is shown in figure 3. The slots in green are the extended candidate positions for SSB transmission. 



Figure 2 Slots containing SSB nominal positions within 5ms window in different numerology


Figure 3 Slots containing SSB candidate positions within 10ms DRS transmission window in different numerology

Proposal 3: The number of candidate SSB positions should be defined as many as possible within the DRS transmission window.
For the frame timing derived from detected SS/PBCH block, extended SSB indexes can be introduced for the additional transmission instances and other solutions can be discussed as well. The QCL assumption from the detected SSB should be derived through the extended SSB index. 
RACH procedure 
1）Msg1
Regarding RACH resource allocation for NR-U, scheduling of PRACH resources via DCI for connected mode UE is a potential scheme. Here we provide a detailed design for such case. As shown in Figure 3, for RRC connected UE performing RACH procedure, PRACH resource can be determined by RRC signaling as well as DCI, where RRC signaling can be used to indicate PRACH configuration with short periodicity and DCI can be used to indicate the available PRACH resource within the PRACH configuration. For example, activation command and de-activation command can be introduced to dynamically indicate the activated time window, within which PRACH resource configured by the PRACH configuration can be used for preamble transmission. 


Figure 4 PRACH resource configuration for NR-U 
Proposal 4: PRACH resource can be configured by RRC signaling and activated/deactivated by DCI for connected mode UE.
2）Msg2
For a RACH procedure, a UE needs to monitor a corresponded Msg2 within a preconfigured RAR window after transmitting a preamble. If the UE does not detect the PDCCH with an associated RA-RNTI within the window, it needs to retransmit the preamble and wait for a RAR again. In unlicensed bands, a gNB needs to perform LBT procedures before replying a RAR. If the gNB cannot obtain an available channel within the RAR window due to LBT failures, the gNB will not reply the RAR and the UE will not detect any PDCCH scrambled by the associated RA-RNTI. 
To handle this issue, in RAN1#94 meeting, it has been agreed to extend the maximum RAR window size to support more occasions for the RAR transmission. However, such a longer RAR window also increases the RAR monitoring occasions for a UE. If a gNB responded a RAR to a UE and the UE missed the response, or if a gNB did not prepare to respond a UE when contentions existed, the fixed long RAR window may introduce unnecessary power consumptions and delay the msg1 retransmissions. Thus, it seems extending the maximum RAR window size is a good option to introduce more RAR transmission occasions, but using a fixed long RAR window is not a good solution considering the power consumption and the access delay for a RACH procedure. How to design the RAR window and the RACH procedure in NR-U needs to be further considered.
Observation: A fixed long RAR window may introduce unnecessary power consumptions and delay the msg1 retransmissions.
For potential RACH resource enhancements in NR-U, multiple PRACH transmissions before Msg2 reception in RAR window was identified in last meeting. The number of allowed transmission is pre-defined or indicated. The resource of the multiple PRACH transmissions should be configured in RMSI or RRC signaling. These PRACH resource are grouped for multiple PRACH transmission. For gNB side, if more than one preamble from the PRACH resource group are received by gNB before RAR window termination, gNB has to respond to each detected preamble, since it has no idea whether these preamble are from same or different UE. For UE side, if multiple RARs for the PRACH resource group are received, it should determine which responded preamble is used for power control of Msg3. Otherwise, gNB can indicate which preamble is used for power control of Msg3. After determining the preamble, the total power ramp-up from the first to the last random access preamble could be determined and used to compute the power of PUSCH for Msg3 transmission. 
Proposal 5: For multiple PRACH transmissions before Msg2 reception, UE should determine the ramp-up power of preamble for the power control of Msg3.
Mobility procedure 
In RAN1#94bis meeting, it was considered beneficial to configure DMTC(s) (DRS Measurement Time Configuration) in which UEs can perform DRS-based RRM measurements and DRS-based RLM measurement for unlicensed SpCell. In the DMTC, multiple candidate DRS transmission positions may be defined, like SSB candidate positions. In NR-U measurement, there exists uncertainty of the success transmission of the DRS for measurement due to potentially LBT failures before the NR-U gNB send those DRSs. To get to know whether a DRS in a specific position is transmitted by a gNB, a UE can perform blind detections or be indicated by the gNB. Only the DRSs actually transmitted by a gNB should be included in the measurement samples. Figure 4 shows an example of measurement in NR-U with opportunistic transmission. When DL LBT successes, it is informed to UE by gNB. Within the following COT of gNB, the configured DRS for measurement is detected and measured by UE for effective measurement results. 


Figure 5 Measurement in NR-U with opportunistic transmission
[bookmark: _GoBack]
In last meeting, it is FFS that explicit indication is provided by gNB to indicate whether or not DRS and/or CSI-RS transmissions occurred. As discussed above, in our view, the explicit indication for the DRS and/or CSI-RS transmissions occurrence is proposed for fine RRM/RLM measurement performance. 
Proposal 6: In NR-U, explicit indication is provided by gNB to indicate whether or not DRS and/or CSI-RS transmissions occurred. 
Similar like SMTC, DMTC(s) has been introduced to do measurements in NR-U, including the RRM measurements and the RLM related measurements. The main purpose for RRM measurements is to generate the measurement reports and then trigger some related procedures, e.g. handover, and the purpose for RLM is to monitor the state of radio links and trigger associated IS/OOS indications to the higher layer. In NR Rel-15, SMTC configurations are only used to do the SSB based RRM measurements and the resources for RLM are not restricted within SMTC windows. Actually, without SMTC configurations, a UE can still do the RLM procedure. In NR-U Rel-16, the benefits of defining a DMTC for both RRM and RLM measurements is seems to restrict all the measurements within a common window. But considering the different requirements and characteristics for RRM and RLM (e.g. RRM measurements are related to neighbor cells and are configured per frequency, however RLM is only related to the serving cell), it is beneficial to differentiate the DMTCs for RRM measurements and the RLM purpose.
Proposal 7: The DMTCs for RRM and RLM shall be different.
Conclusion
In this contribution, general initial access procedure on NR-U is discussed. The following are observed and proposed.
Proposal 1: RAN1 should strive to make the SS raster for unlicensed bands sparser compared to that for licensed bands. 
Proposal 2: The actually transmitted SSBs should be restricted within [X, e.g. X=8] continuous candidate SSB positions in a DRS transmission window.
Proposal 3: The number of candidate SSB positions should be defined as many as possible within the DRS transmission window.
Proposal 4: PRACH resource can be configured by RRC signaling and activated/deactivated by DCI for connected mode UE.
Proposal 5: For multiple PRACH transmissions before Msg2 reception, UE should determine the ramp-up power of preamble for the power control of Msg3.
Proposal 6: In NR-U, explicit indication is provided by gNB to indicate whether or not DRS and/or CSI-RS transmissions occurred. 
Proposal 7: The DMTCs for RRM and RLM shall be different.
Observation: A fixed long RAR window may introduce unnecessary power consumptions and delay the msg1 retransmissions.
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