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1. Introduction
The WI on extending NR operation to 71GHz was discussed in the last RAN4 meeting. Since it was the first meeting to discuss the RRM related issue, discussions mainly focused general aspects on RRM requirements. The agreements and pending issues are captured in the WF [1] and the work plan is approved captured in [2]. In this paper, we further provide our views on the general aspects on RRM requirements.
2. Discussion
2.1 General
Regarding the operation on the frequency range from 52.6 GHz to 71 GHz, necessary updating on the PHY design is under discussion in RAN1 to cope with the higher frequency band with larger SCS and shorter symbol length. In RP#92e, WID was updated to capture import progress and input from WGs [3]. The terminology of the new frequency range and the relation to legacy FR2 was also clearly defined as follow:
	[bookmark: _Hlk58594589]Note 5: FR2 is extended to cover 24.25GHz to 71GHz with FR2-1 for 24.25-52.6GHz and FR2-2 for 52.6-71GHz. 
· The related UE capabilities and their applicability to the frequency range 52.6 to 71 GHz will have to be analysed on a case by case basis
· The application of any of the UE feature introduced for 52.6-71 GHz to existing FR1/FR2 should be discussed case by case.
· TSG RAN specifications shall make it very clear (to readers) that frequency bands in the 52.6-71GHz range are only Release-independent from Rel-17 onwards, to ensure that there is clear industry understanding about which FR2 features are applicable for operation in 52.6-71GHz range.
NOTE 5a: Whenever the FR2 is referred, both FR2-1 and FR2-2 frequency sub-ranges shall be considered in this release, unless otherwise stated.
NOTE 5b: The designations FR2-1 and FR2-2 should only be used when needed.
[bookmark: _Hlk58524207]Similar to regular NR and NR-U operations below 52.6GHz, NR/NR-U operation in the 52.6GHz to 71GHz can be in stand-alone or aggregated via CA or DC with an anchor carrier.  




When refer to FR2 in this release, both FR2-1 (24.25-52.6 GHz) and FR2-2 (52.6-71 GHz) are considered. Then regarding how to capture/update the RRM requirements for the operation in FR2-2, there was some initial discussion on the structure of organizing the spec as follows:
	R4-2108354
· The specification structure and ways to capture new/updated requirements would be discussed in future meetings. 
· The following options may be considered during the discussion:
· For licensed operation, new or updated requirements for which there’s already a section in TS 38.133, RAN4 should update the corresponding section with the 52.6-71GHz related updates.
· For unlicensed operation, RAN4 should update the corresponding sections introduced during NR-U to add the new requirements for operation in 52.6-71GHz.
· A new section dedicated to NR in 52.6-71GHz may be introduced when a completely new item applicable to NR in 52.6-71GHz only is introduced. Relevant discussion should take place only after such items have been identified and significantly discussed.



Though it premature to decide the detailed structures and requirement when the framework in RAN1 and RF session is not stable enough, one general principle should be that the impact to current spec should be minimized and inheriting the requirements of legacy FR2 (FR2-1) as much as possible. 
Observation 1: Impacts on current spec should be minimized and inheriting the requirements of legacy FR2 (FR2-1) as much as possible.
So when updating the requirements for FR2-2, the current requirements for FR2 shall include both FR2-1 and FR2-2 without explicit statement, and the new or updated requirements for FR2-2 should be implemented in the existing sections. 
Proposal 1: The current requirements for FR2 shall include both FR2-1 and FR2-2 without explicit statement, and the new or updated requirements for FR2-2 should be implemented in the existing sections. 
For instance, for the requirements of Handover from FR1 to FR2 in clause 6.1.1.5, the requirement shall include the case of HO from FR1 to FR2-1 and to FR2-2. Some details could be further divided to FR2-1 and FR2-2 (e.g. the beam sweeping factor which is also under discussion). Another example is the interruption requirements where the requirements are bundled to different SCS, then the feasible way it to insert the requirements for new introduced SCS (480 kHz and 960 kHz) in the table. For 120 kHz in FR2-2, if it is found that the current requirements for 120 kHz could not be reused directly, a note for clarification shall be added.
2.2 Scenarios
The scenarios to be considered was also initially discussed in the last meeting. According to RF agreements [4] which is shown as following, both single carrier, CA and DC could be considered within the WI. Then it is proposed to align with the corresponding principles when defining RRM requirements that single carrier, CA and DC shall all be considered. However, the specific scenarios shall be further discussed with more RF inputs. For instance, whether to consider the CA between FR2-1 and FR2-2 and whether to consider FR2-1 + FR2-2 NR-DC.
	· Issue: Latest approved WID states that NR/NR-U operation in 52.6 – 71 GHz can be in standalone, aggregated via CA or DC with an anchor carrier. Given the unlicensed band in 60 GHz is newly defined, it is necessary to define and finish a single band requirement first.
· Agreement: RAN4 aims to finish a single band requirement first. CA/DC can be discussed in parallel.



Proposal 2: The specific scenario shall be decided with more RF inputs.
2.3 Scaling factor for RX beam sweeping
The assumption RX beam sweeping factor was discussed in the last meeting. In the current FR2 requirements, the scaling factor is considered FR2-1 when defining the delay requirements (e.g. N = 8) to allow the beam sweeping operation. So compared with the delay requirements in FR2, with same number of samples, times longer delay is expected for FR2. For operation in FR2-2, UE is operating on higher frequency compared with 28 GHz and 39 GHz, more antenna elements are expected with the same array size to main the coverage performance. Thus, compared with the operation in FR2-1, the beam width is intuitively narrower and more beams are expected to meet the EIS and EIRP requirements. At same time, we also recognize the concerns from companies in the last meeting that the larger beam sweeping scaler will even further prolong the delay requirements for the operation in FR 2-2. This is a trade-off problem which should be carefully considered when defining the corresponding requirements. From our standing, based the current beam management framework, there seems to be not much choice for UE but to sweep more beams.
Observation 2: Narrower beam width can be expected with more antenna elements accommodated within the array.
Proposal 3: Consider increasing the beam sweeping scaler for operation in FR 2-2.
[image: ]
Fig.1 More beam sweeping with narrower beam width.
2.4 Scheduling restrictions
The scheduling restriction was also mentioned in the last meeting. Most companies agreed that the scheduling restriction may need to be updated with more RAN1 and RF conclusion. In this paper, we give some further analysis on the impact on the scheduling restrictions. In the current TS38.133, the scheduling restrictions are defined in two aspects. One is when UE is performing L1 measurement (e.g. RLM/BFD/CBD/L1-RSRP). For example, on the symbol for RLM monitoring in FR2, UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS. It is mainly result from the different beam implementation for L1 measurement and L3 measurement, which means UE is not expected to perform L1 measurement and L3 measurement simultaneously on overlapping symbols. For operation on FR2-2, one more issues need to be considered is the beam sweeping time. As has been widely discussed in RAN1 about whether to define gap symbol for beam switching for large SCS. RAN4 has sent the LS reply [5] to answer the question raised in RAN1 about beam switching time for both UE side and NW side. In the LS reply, the beam switch time for gNB is estimated to be 59 ns, while the time for UE will be further discussed in RAN4. For instance, for SCS of 960 kHz where the CP length is around 100 ns which may not be able to absorb the beam switching time. For this case RAN 1 is going to define some guard symbol for UE to perform beam switching, which is similar as the “scheduling restriction” in TS 38.133. 
The other aspect is the scheduling restriction for L3 measurement. When UE is performing measurement on FR2, there is scheduling restriction on SSB symbols to be measured and also 1data symbol before and after SSB symbols. The beam switching time should also be considered for operation in FR2-2 as analyzed above. Another aspect is that the current scheduling restriction (±1 symbol) implies that UE will only search the neighbour cell within this range and also requires that NW should guarantee the synchronization among CCs on the same frequency carrier. In the current spec, it is assumed that deriveSSB-IndexFromCell is always enabled for and FR2, which implies that frame boundary alignment across cells on the same frequency carrier is within a tolerance not worse than 2 SSB symbols (approximate 9us). However, for operation in FR2-2 with larger SCS, the symbol length could be approximately 1 us, which implicitly raises extremely high synchronization demand to NW side. It is even tighter than the “3 us” cell phase synchronization requirements. Then it is proposed to further investigate the scheduling restriction for L1/L3 measurement considering the beam switching time and synchronization requirements. For example, whether deriveSSB-IndexFromCell can be deemed always valid in FR2-2 should be further investigated.  
Proposal 4: Updating the scheduling restriction for L1/L3 measurement considering the following aspects:
· Beam switching time
· Synchronization assumptions with large SCS
2.5 LBT and non-LBT operation 
It was agreed in the last RAN4 meeting that for operation in unlicensed band, RAN4 will first consider the RRM requirements for operation without LBT and start working on LBT impact on RRM requirements in unlicensed band. The status of LBT discussion in RAN1 is summarized as follows:
	RAN1#104-bis-e
Agreement:
· Contention Exempt Short Control Signaling rules can be applicable to the transmission of SS/PBCH.
· FFS: What are the other DL signals and channels that can be multiplexed with SS/PBCH transmission under Contention Exempt Short Control Signaling rule
· FFS: Whether this can be applied to all supported SCS or specific SCS.
· FFS: Extension to discovery burst if it is defined including signals other than SS/PBCH
· Note: Restriction for short control signalling transmissions apply (10% over any 100ms interval)
· FFS: Other DL signals/channels can be transmitted with Contention Exempt Short Control Signaling rule, such as PDCCH, broadcast PDSCH, PDSCH without user plain data, CSI-RS, PRS, etc
Agreement:
For LBT for single carrier transmission, continue down selection between
· Alt SC.1. gNB/UE performs LBT over the channel bandwidth (or BWP bandwidth)
· Alt SC.3. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth
For LBT for multi-carrier transmission in intra-band CA, continue down selection between
· Alt CA.1. gNB/UE performs multiple LBT, one for each channel bandwidth separately
· Alt CA.2. gNB/UE performs single LBT over all CCs
· Alt CA.5. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth in each CC

Agreement:
For a COT with MU-MIMO (SDM) transmission, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT (Alt 2 in earlier agreement) is considered, the following alternatives are further considered
· Alt A: The per-beam LBT for different beams is performed in TDM fashion
· Alt A-1: The node completes one eCCA on one beam, and directly move on to the eCCA on the other beam, with no transmission in the middle
· Alt A-2: The node completes one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam
· Alt A-3: The node performs eCCA of the different beams simultaneous, round robin between different beams
· Alt B: The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams

Agreement:
Within a COT with TDM of beams with beam switching, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT (Alt 2 or Alt 3 in earlier agreement) is considered, the following alternatives are further considered
· Alt A: The per-beam LBT for different beams is performed one after another in time domain
· Alt A-1: The node completes one eCCA on one beam, and directly move on to the eCCA on the other beam, with no transmission in the middle
· Alt A-2: The node completes one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam
· Alt A-3: The node performs eCCA of the different beams simultaneous, round robin between different beams
· Alt B: The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams

Agreement:
For regions where LBT is not mandated, gNB should indicate to the UE this gNB-UE connection is operating in LBT mode or no-LBT mode. Down-select between
· Alt 1. Support cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) gNB indication
· Alt 2. Support both cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) and UE specific (can be different for different UEs in a cell as part of UE-specific RRC configuration) gNB indication
· FFS: Whether the indication of the decision on applying LBT mode or no-LBT  mode is per beam (can be different for different UEs in different beams or can be different for different beam pairs between gNB and the UE) or per cell (can be different for different cells for a UE in carrier aggregation) 
· FFS: Whether a gNB and its UE(s) can have different mode
· FFS: Whether L1 signalling can be used for both Alt 1 and Alt 2 for gNB indication

Agreement:
For contention exemption short control signalling based DL transmission of SS/PBCH, further consider if the following signals/channels can be multiplexed with SS/PBCH block transmission.
· RMSI PDCCH and RMSI PDSCH
· Other broadcast PDSCH
· PDSCH without user-plane data 
· PDCCH
· CSI-RS
· PRS
· Other signals/channels contained in Discovery Burst (i.e., exemption applies to Discovery Burst)
Note: Total exempted signals/channels should meet the restriction of 10% over any 100ms interval.
FFS: If contention exemption short control signalling based DL transmission is allowed when not multiplexed with SS/PBCH block transmission.
RAN1#105e
Agreement:
For regions where LBT is not mandated, gNB should indicate to the UE this gNB-UE connection is operating in LBT mode or no-LBT mode
· Support both cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) and UE specific (can be different for different UEs in a cell as part of UE-specific RRC configuration) gNB indication


Agreement:
· Contention Exempt Short Control Signaling rules apply to the transmission of msg1 for the 4 step RACH and MsgA for the 2-step RACH for all supported SCS.
· Note restriction for short control signalling transmissions apply (10% over any 100ms intervals)
· Alt 1: The 10% over any 100ms interval restriction is applicable to all available msg1/msgA resources configured (not limited to the resources actually used) in a cell
· Alt 2: The 10% over any 100ms interval restriction is applicable to the msg1/msgA transmission from one UE perspective
· FFS: Other UL signals/channels can be transmitted with Contention Exempt Short Control Signaling rule, such as msg3, SRS, PUCCH, PUSCH without user plain data, etc




It was agreed in the last meeting that for operation on unlicensed band, RAN4 will focus on operation without LBT first. In some regions where LBT is not mandated, gNB and UE can operate in LBT mode or non-LBT mode, where the specific control mechanism is still under discussion in RAN1. For operation in unlicensed band without LBT, from our understanding, from the perspective of RRM requirements, there is no difference compared with operation in licensed band. 
Observation 2: For operation in unlicensed band without LBT, the RRM requirements are same as that of operation in licensed band. 
However, for operation with LBT, the discussion in RAN1 is still quite diverse. The discussion is mainly about whether to define LBT bandwidth as has been defined in NR-U, the LBT operation of multi carriers, and whether to have directional LBT and received assistant LBT. One special aspect is the Contention Exempt Short Control Signaling rules, where some short control message could be transmitted without LBT with the duty cycle 10 % within an observation period of 100 ms. It was already agreed that the CESCS rules can apply to the transmission of SSB. However, according to the rules, for the SSB periodicity of 20 ms, the maximum length of SSB burst is 2 ms. When the SCS is 120 kHz, the SSB burst duration could be up to more than 2ms with SSBs, which means it may have limitation on SSB transmission under certain cases. 
Proposal 5: Define RRM requirements for operation with LBT with more RAN1 inputs.
3. Conclusions
Observation 1: Impacts on current spec should be minimized and inheriting the requirements of legacy FR2 (FR2-1) as much as possible.
Proposal 1: The current requirements for FR2 shall include both FR2-1 and FR2-2 without explicit statement, and the new or updated requirements for FR2-2 should be implemented in the existing sections. 
Proposal 2: The specific scenario shall be decided with more RF inputs.
Observation 2: Narrower beam width can be expected with more antenna elements accommodated within the array.
Proposal 3: Consider increasing the beam sweeping scaler for operation in FR 2-2.
Proposal 4: Updating the scheduling restriction for L1/L3 measurement considering the following aspects:
· Beam switching time
· Synchronization assumptions with large SCS
Observation 2: For operation in unlicensed band without LBT, the RRM requirements are same as that of operation in licensed band. 
Proposal 5: Define RRM requirements for operation with LBT with more RAN1 inputs.
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