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1 	Introduction
At the RAN4 AH1801 meeting, the newest agreement for intra-frequency requirement is shown as follow [1].
	· For FR1, consensus could be reached to use a unified formula form for TPSS/SSS_sync, T SSB_measurement_period  
and TSSB_time_index as below
                     max([a constant value], [number of SSB] x SMTC_period)
In addition, it has already been agreed to apply 600ms and 200ms in the constant value part to
TPSS/SSS_sync and T SSB_measurement_period, respectively. Therefore,
Proposal 1: For FR1, it is proposed to set TPSS/SSS_sync, T SSB_measurement_period  and TSSB_time_index requirement as:
                 TPSS/SSS_sync = max( 600, [5 or 6] x SMTC_period ) ms          (1)
                 TSSB_time_index = max( [TBD], [2+X] x SMTC_period ) ms        (2)
                 TSSB_measurement_period = max( 200, [5] x SMTC_period ) ms        (3)
· For FR2, consensus could be reached to use a parameter N related to Rx beamforming and Rx beam sweeping for requirement definition purpose, but the value of N is TBD.
In order to ensure acceptable mobility performance from system perspective and acceptable power consumption from UE perspective, it is important to guarantee a constant value in the time delay requirement without the impact by other factors.
In addition, in order to maintain a consistent form of the requirement formulas as in FR1, it is proposed that 
Proposal 2: For FR2, requirements of TPSS/SSS_sync, T SSB_measurement_period  and TSSB_time_index are given as in Option 1:
        TPSS/SSS_sync = max( [X1], [Y1] x N1 x SMTC_period )         ms        (4)
        TSSB_time_index = max( [X2], [3+Y2] x N2 x SMTC_period )      ms        (5)
        TSSB_measurement_period = max( [X3], [Y3] x N3 x SMTC_period )   ms        (6)



In this contribution, we will continue to discuss about intra-frequency measurements requirement without gap. 
2 Intra-frequency measurement requirement without measurement gaps
2.1. Intra-frequency requirement when no DRX is used
In last meeting, RAN4 had made an agreement about intra-frequency performance requirement structure. 
For intra-frequency PSS/SSS detection, 
· For FR1, TPSS/SSS_sync = max(600, [5 or 6] x SMTC_periodicity); 
· For FR2, TPSS/SSS_sync = max([X1], [Y1] x N1 x SMTC_periodicity).
For intra-frequency SSB time index acquisition is 
· For FR1, TSSB_time_index = max(TBD, [2+X]*SMTC_periodicity); 
· For FR2, TSSB_time_index = max([X2], [3+Y2] x N2 x SMTC_periodicity).
For intra-frequency SSB measurement period is 
· For FR1, TSSB_measurement_period = max(200, [5]*SMTC_periodicity); 
· For FR2, TSSB_measurement_period = max([X3], [Y3] x N3 x SMTC_periodicity).

Here, TPSS/SSS_sync, TSSB_time_index, and TSSB_measurement_period all don’t consider the scaling factor for CA, only for single cell.
[bookmark: _GoBack]RAN4 did not make the final decision on the number in the brackets at the last meeting. In this paper, we focus on the FR1 and FR2 without consider Rx beam sweeping. Discussion on Rx beam sweep can be referred in our another paper [5].

PSS/SSS detection
FR1
For small SMTC periodicities (such as SMTC periodicity = 10ms, 20ms, 40ms, 80ms), 600 is always larger than [5 or 6]*SMTC_periodicity, so the requirement is irrelevant to the down selection between 5 and 6. Nevertheless, for large SMTC periodicities (such as SMTC periodicity = 160ms), we expect some challenges in AGC tuning because it may not directly apply the AGC setting from last SMTC occasion to the next occasion. At the same time, we did not consider enough RF loss and UE’s real fixed implementation (e.g., imperfect frequency synchronization) in the simulation. Therefore, it is proposed to allow one more SMTC periodicity.
Proposal 1: The intra-frequency PSS/SSS detection requirement in FR1 is TPSS/SSS_sync = max(600, 6 x SMTC_periodicity) when no DRX is configured.
FR2
At least 4 attempts is required for PSS/SSS detection without additional delay due to Rx beam sweeping based on our simulation results [2]. Considering real implementation, AGC tuning will encounter more challenging than FR1 because the AGC setting cannot be shared between different Rx beam bursts. 
At the same time, we did not consider enough RF loss, LO drift, and fixed implementation loss in the simulation. Thus, adding 2-3 samples could be considered as a baseline if we take all these implementation margin into consideration. 
Proposal 2: The intra-frequency PSS/SSS detection requirement in FR2 is TPSS/SSS_sync = max([X1], [6 or 7] x N1 x SMTC_periodicity) when no DRX is configured.

SSB time index acquisition
After cell search, UE only has a coarse frequency/timing synchronization. It should need frequency/timing fine-tuning for DMRS detection and PBCH decoding. We should also noticed that it hasn’t included multi-cell interference in RAN4’s simulation assumption. In real field, UE need to decode multiple cells’ MIB which will spend more time than the simulation. 
Considering the RF loss and implementation margin, it is proposed to add two more SMTC periodicity as a baseline to UE. In our opinion, the same as PSS/SSS detection and SSB measurement, basic time unit 40ms is a reasonable value to be chosen as a lower bound multiplex factor on SMTC periodicity in the delay requirement. Based on this 40ms, the lower bound in SSB time index acquisition is 160ms = 40ms*4 in FR1 and 200ms = 40ms*5 without considering beam sweeping in FR2. 
Proposal 3: The intra-frequency SSB time index acquisition requirement in FR1 is TSSB_time_index = max(160, 4 x SMTC_periodicity) when no DRX is configured.
Proposal 4: The intra-frequency SSB time index acquisition requirement in FR2 is TSSB_time_index = max([X2], 5 x N2 x SMTC_periodicity) when no DRX is configured.

SSB Measurement
As we mentioned in [3], 3 samples would be enough for intra-frequency RSRP measurement. Considering the implementation margin, we suggest that the sample number for intra-frequency measurement without gap should be 5 based on our analysis [3].
Proposal 5: The intra-frequency SSB measurement requirement in FR1 is TSSB_measurement_period = max(200, 5 x SMTC_periodicity) when no DRX is configured.
Proposal 6: The intra-frequency SSB measurement requirement in FR2 is TSSB_measurement_period = max([X3], 5 x N3 x SMTC_periodicity) when no DRX is configured.

2.2. Intra-frequency requirement when multi-CCs are used
In LTE, PSS and SSS comes in every 5ms. Therefore a single cell search engine is able to handle 5 CCs serially. However, NR cell search in CA case is different to LTE. In NR, the SMTCs for different CCs can be independently configured. Therefore, a worst case happens when the SMTC occasions of all CCs collide with each other, as illustrated by the red circle in Figure 1. In this case, it is impossible to only use one single engine to perform parallel cell search for multiple CCs. Adding more search engines is one solution, but the cost will be significantly increased. Actually, compared to LTE, a single cell search engine in NR is already far complicated, because of the need to support more PCI hypotheses, more new features, such as multiple beams per cell and different numerologies such as 240KHz etc.
[image: ]
Figure 1. SMTC occasions of different CC collided with one another
For FR1, it could be possible to use more buffer size to dump the data for balancing the processing time; but for FR2, especially for 240 KHz, due to the higher sampling rate and more SSBs, the buffer size could become too large. It is extremely high-cost to handle this worst case which SMTC occasions appear at the same time of all CCs. 
Therefore, to ease UE’s implementation cost of cell search engine, it is suggested to further scale the delay requirements. One of possible scaling method is adding parameters of configured NR SCell CCs () to SCells and not scale the requirement on PCell/PSCell.
In last meeting, RAN4 made the agreement that NR supports to configure enabling/disabling intra-frequency measurement on each NR SCell [4]. It should be possible to enable intra-frequency measurement on only one serving cell while intra-frequency measurements on the other serving cells are disabled. In other words, once network thinks the latency for one UE’s intra-frequency measurement is too long, network can disable some or all NR SCells to reduce the intra-frequency measurement time. So network could have the freedom on the measurements’ timing management to perform intra-frequency measurement with acceptable delay.
Proposal 7: When multiple CCs are configured it is proposed to set PSS/SSS sync, SSB time index acquisition and SSB measurement for no DRX requirement as:
      For PSCell, 
              TPSS/SSS_sync_PSCell = TPSS/SSS_sync;
              TSSB_time_index_PSCell = TSSB_time_index;
              TSSB_measurement_period_PSCell = TSSB_measurement_period;
        For SCell(s), 
                TPSS/SSS_sync,SCell = TPSS/SSS_syncx;
                TSSB_time_index_PSCell = TSSB_time_indexx;
                TSSB_measurement_period_SCell = TSSB_measurement_periodx;
where,
TPSS/SSS_sync_PSCell, TSSB_time_index_PSCell, TSSB_measurement_period_PSCell are the time requirements for NSA NR PSCell;
TPSS/SSS_sync,SCell, TSSB_time_index_PSCell, TSSB_measurement_period_SCell are the time requirement for NSA NR SCell;
is the number of configured NSA NR SCell CCs to the UE.

In the requirement definition, we should consider that the worst case which all SCell CCs have the same longest SMTC periodicity and collide with each other. But in the real field, considering the different SMTC offset configuration, there is a large probability to avoid each SCell CC colliding together for long SMTCs. So the real time needed for multi-CCs will be decreased dramatically. For example, when 4 SCell CCs share the same periodicity of 160ms with different offsets, the PSS/SSS detection requirement is still TPSS/SSS_sync = 4x6x160ms = 3840ms, but actually UE can finishes all detections within 6x160ms = 960ms.
3 Summary
In this paper, we propose intra-frequency measurements delay requirement without gap.
Proposal 1: The intra-frequency PSS/SSS detection requirement in FR1 is TPSS/SSS_sync = max(600, 6 x SMTC_periodicity) when no DRX is configured.
Proposal 2: The intra-frequency PSS/SSS detection requirement in FR2 is TPSS/SSS_sync = max([X1], [6 or 7] x N1 x SMTC_periodicity) when no DRX is configured.
Proposal 3: The intra-frequency SSB time index acquisition requirement in FR1 is TSSB_time_index = max(160, 4 x SMTC_periodicity) when no DRX is configured.
Proposal 4: The intra-frequency SSB time index acquisition requirement in FR2 is TSSB_time_index = max([X2], 5 x N2 x SMTC_periodicity) when no DRX is configured.
Proposal 5: The intra-frequency SSB measurement requirement in FR1 is TSSB_measurement_period = max(200, 5 x SMTC_periodicity) when no DRX is configured.
Proposal 6: The intra-frequency SSB measurement requirement in FR2 is TSSB_measurement_period = max([X3], 5 x N3 x SMTC_periodicity) when no DRX is configured.
Proposal 7: When multiple CCs are configured it is proposed to set PSS/SSS sync, SSB time index acquisition and SSB measurement for no DRX requirement as:
      For PSCell, 
              TPSS/SSS_sync_PSCell = TPSS/SSS_sync;
              TSSB_time_index_PSCell = TSSB_time_index;
              TSSB_measurement_period_PSCell = TSSB_measurement_period;
        For SCell(s), 
                TPSS/SSS_sync,SCell = TPSS/SSS_sync x;
                TSSB_time_index_PSCell = TSSB_time_index x;
                TSSB_measurement_period_SCell = TSSB_measurement_period x;
where,
TPSS/SSS_sync_PSCell, TSSB_time_index_PSCell, TSSB_measurement_period_PSCell are the time requirements for NSA NR PSCell;
TPSS/SSS_sync,SCell, TSSB_time_index_PSCell, TSSB_measurement_period_SCell are the time requirement for NSA NR SCell;
is the number of configured NSA NR SCell CCs to the UE.
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