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Background
The WI NR extension to 71GHz has been almost closed from RAN 1 side. In this paper, we will provide our general views on how to define the corresponding UE requirements.
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New SCS
For UE operating in 71GHz band, three different SCSs 120 kHz, 480 kHz and 960 kHz supported for PDSCH, PDCCH and PBCH have been defined by RAN 1. Then followings are analysis of how to define requirements for above three SCSs.
For UE supporting 120 kHz SCS,   considering that 120 kHz has been defined for FR2 in existing spec, so it is unnecessary to define PDCCH requirements again in 71GHz band since there is no change for baseband processing. However, for PDSCH requirements, considering phase noise is larger due to the high carrier frequency, we should verify UE’s performance of mitigating the phase noise by using PTRS. For PBCH with 120 kHz SCS, there is no need to define the requirements since it is untestable and has been covered in existing spec.
For UE supporting 480 kHz SCS and 960 kHz SCS,   we propose to define requirements for PDSCH, PDCCH and PBCH to verify the performance for channel estimation under such high SCS. It is noted that UE supporting 480 kHz and 960 kHz SCS is considered as optional feature with capability signalling.
Proposal 1: Define following performance requirements for UE operating in 71GHz band:
· For 120 kHz SCS: PDSCH
· For 480 kHz SCS and 960 kHz SCS (Optional with capability signaling): PBCH, PDCCH and PDSCH.
Initial access aspect
For initial access aspect, one feature is new SSB pattern for 480 kHz SCS and 960 kHz, it is just the change of candidate SSB position and no impact on performance can be observed. Same time, RAN 1 has also specified that for the case where SSB location and SCS are explicitly provided to the UE (non-initial access) and SSB does not configure Type-0 PDCCH, support 480 kHz and 960 kHz numerologies for the SSB. Therefore, from the requirements definition point, we propose to define PBCH requirements for 480/960 kHz SCS only with known SSB index. Another feature is new SCS combination and enhancement for SSB, CORESET#0/Type-0 PDCCH multiplexing, however, this feature doesn’t influence the demodulation processing. RAN1 has also reused the DBTW from Rel-16 NR-U design to make more chance for UE to search the SSB and access network in LBT mechanism. Therefore, we should configure the parameter  in the test setup for all downlink physical channel requirements definition
PDCCH monitoring enhancement 
According to the agreements from RAN 1, multi-slot PDCCH monitoring is supported for 480 kHz and 960 kHz SCS. Multi-slot PDCCH monitoring is based on slots within a slot group and each slot group consists of X consecutive slots. UE specific SS is monitored within Y consecutive slots within a slot group of X slots and the Y consecutive slots can be located anywhere within the slot group of X slots. For the combination of (X,Y),  it is mandatory for UE with 480kHz/960kHz SCS to support (X,Y)=(4,1)/(8,1) and optional to support (X,Y)=(4,2)/(8,4),(4,2),(4,1). Based on our understanding, the existing PDCCH monitor configurations in TS 38.101-4 PDSCH and PDCCH test cases where UE monitors PDCCH per slot can be reused for 120 kHz cases for 71GHz cases. However, for UE supporting 480 / 960 kHz SCS, to respect the agreements of RAN 1, UE can monitor PDCCH only in one slot per four slots for 480kHz and monitor one slot per eight slots for 960kHz. Moreover, RAN 1 also has following agreements:

	The following supersedes FG3-5b and FG3-1 definition:
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot group of X slots per scheduled CC for FDD
· Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot group of X slots per scheduled CC for TDD



Hence, 480 kHz/960 kHz cases should be designed that only one PDCCH scheduling DL is configured in every 4 slots for 480 kHz and in every 8 slots for 960 kHz.
PDSCH enhancement
DMRS enhancement 
DMRS are also enhanced for 480 kHz and 960 kHz. RAN 1 has agreed to introduce an indication to the UE via RRC where the UE is able to assume that FD-OCC is not applied to all the antenna port(s) for DMRS which is(are) applicable for rank 1 PDSCH. That means UE shouldn’t perform dispread OCC for channel estimation when receiving the RRC signalling. Based on our understanding, this feature has much impact on the channel estimation performance which should be verified in RAN 4 demodulation part. 
Multi-PDSCH scheduling
Same as Rel-16 NR-U, multi-PDSCH scheduling is also supported in this WI. The maximum number of PDSCHs/PUSCH that can be scheduled with a single DCI in Rel-17 is 8 for SCS of 120 kHz, 480 and 960 kHz. This feature has nothing to do with performance but for the 480 kHz and 960 kHz SCS, since PDCCH can’t be monitored in every slot, PDSCHs can’t also be scheduled in every slot if one PDSCH scheduling is used. Multi-PDSCH scheduling can be used in PDSCH test to save time. For example,  we can set PDCCH scheduling 4 PDSCHs is transmitted in first slot of every 4 slots and set PDCCH scheduling 8 PDSCHs is transmitted in first slot of every 8 slots and by this way, PDSCH can be transmitted in every slot.
Channel access mechanism
 The LBT mechanism for NR extension to 71GHz band has been specified in [2], we copy it as follows:
	The LBT mechanism is as follows:
 1) Before a single transmission or a burst of transmissions on an Operating Channel, the equipment that initiates transmission shall perform a Clear Channel Assessment (CCA) Check in the Operating Channel. 
2) If it finds an Operating Channel occupied, it shall not transmit in that channel and it shall not enable other equipment(s) to transmit in that channel. If the CCA check has determined the channel to be no longer occupied and transmission was deferred for the number of empty slots defined by the CCA Check procedure, it may resume transmissions or enable other equipment to transmit on this channel. 
3) The equipment that initiates transmission shall perform the CCA check using "energy detect". The Operating Channel shall be considered occupied for a slot time of 5 μs if the energy level in the channel exceeds the threshold corresponding to the power level given in step 7) below. It shall observe the Operating Channel(s) for the duration of the CCA observation time measured by multiple slot times. 
4) CCA Check definition: 
a) A CCA check is initiated at the end of an operating channel occupied slot time.
b) Upon observing that Operating Channel was not occupied for a minimum of 8 µs, transmission deferring shall occur. 
c) The transmission deferring shall last for a minimum of random (0 to Max number) number of empty slots periods. 
d) Max number shall not be lower than 3. 
 5) The total time that the equipment initiating transmission makes use of an Operating Channel is defined as the Channel Occupancy Time. This Channel Occupancy Time shall be less than 5 ms, after which it shall perform a new CCA Check as described in step 1), step 2), and step 3) above. 
6) An equipment (initiating or not initiating transmission), upon correct reception of a packet which was intended for this equipment, can skip the CCA Check, and immediately proceed with the transmission in response to received frames. A consecutive sequence of transmissions by the equipment, without a new CCA Check, shall not exceed the 5 ms Channel Occupancy Time as defined in step 5) above. 7) The energy detection threshold for the CCA Check shall be -80 dBm + 10 × log10 (Operating Channel Bandwidth (in MHz)) + 10 × log10 (Pmax / Pout) (Pmax and Pout in W EIRP) where Pout is the RF output power (EIRP) and Pmax is the RF output power limit defined in clause 4.2.2.1.


RAN 4 has defined transmission burst model which is agnostic to FBE and LBE in Rel-16 NR-U topic. Based on our understanding, this model can’t be reused for FR2-2 demodulation cases with following reasons:
1) There is no FBE defined in FR2-2 LBT mechanism, therefore, the COT duration should be random rather than fixed to 5ms defined in Rel-16 NR-U transmission model.
2) There should be a gap between two COTs and the gap should be larger than 8us+ random (0 to Max number)
Based on our understanding, transmission burst model defined in LAA seems more feasible to be reused as start point.  According to the CCA check procedure, the minimum gap between two transmission bursts should be 8us+3*9us=35us which means at least 4/8/16 OFDM symbols are required for 120/480/960 kHz SCS. For other parameters such as COT duration, LBT failure probability, we propose to further discuss.
Proposal 2: Use transmission burst model defined in LAA as start point to be discussed and set the gap between two transmission bursts at least  to 4/8/16 OFDM symbols for 120/480/960 kHz SCS. Further discuss following test setup:
· COT duration
· LBT failure probability 
· HARQ feedback 
· Start symbol and end symbol within the slot
Others
RAN 1 has also discussed Type1/2 HARQ-ACK codebook enhancement, beam management for new SCSs, however, we don't see any impact on performance.
Test cases
General:
Bandwidth 
According to RAN 4 agreements in [1], channel bandwidths for NR extension to 71GHz band have been defined as follows:
· For 120 kHz SCS: support bandwidth with 100 MHz (min), 400MHz (max)
· For 480 kHz SCS: support bandwidth with 400 MHz (min), 800MHz and 1600MHz (max)
· For 960 kHz SCS: support bandwidth with 400MHz (min), 800MHz, 1600MHz and 2000MHz (max)
We propose to define the max bandwidth for each SCS to reduce the test numbers, however, the number of maximum transmission RBs is still under discussion in RF part, we propose to keep it open until there are corresponding agreements from RF team.
Proposal 3:  Define the UE requirements for max bandwidth for each SCS. i.e. 400 MHz for 120 kHz SCS, 1600 MHz for 480 kHz and 2000 MHz for  960 kHz.
Proposal 4: Keep the number of transmission RBs open until there are corresponding agreements from RF team.
Number of receiving antenna configurations
We propose to reuse 2RX which has been considered for all existing FR2-1 cases
Proposal 5: Use 2 receiving antennas. 
1. PDSCH requirements
Scenarios
NR extension to 71GHz is applicable for both license band and unlicensed band, hence two set of requirements for license band without LBT mechanism and unlicensed band with LBT mechanism should be defined from the test coverage point. 
Proposal 5: Define two set of PDSCH requirements for license band without LBT mechanism and unlicensed band with LBT mechanism.
Rank
As discussed in section 2, DMRS enhancement is only applicable for rank 1, so at least rank 1 should be tested. Meanwhile, the RRC signalling indicating UE to assume FDD-OCC is not applied to all the antenna ports for DMRS which is applicable should be configured to verify whether UE is follow this procedure.  Same time, we think rank 2 is also needed to be tested and DMRS port 1000 and 1002.i.e. Different CDM groups should be considered. The reason of configuring different CDM groups is non-orthogonality between two layers which will cause performance degradation of channel estimation if same CDM groups is configured.
Proposal 6: Define the PDSCH performance requirements for both rank 1 and rank 2:
· Rank 1: DMRS port 1000 is used and configure the RRC signalling indicating UE to assume FDD-OCC is not applied to all the antenna ports for DMRS which is applicable should be configured
· Rank 2: DMRS port 1000 and 1002 are used 
Scheduling 
According to the UE feature list [3], multi-TB scheduling is optional with capability signalling for 120 kHz SCS and mandatory for 480 kHz/960 kHz SCS. Based on our understanding, it is best to configure 4-TB scheduling for 480 kHz SCS and 8-TB scheduling for 960 kHz SCS as discussed in section 2.3. For 120 kHz SCS, since PDCCH monitoring can be configured in every slot, therefore it is unnecessary to configure multi-TB scheduling 
Proposal 7: Define the PDSCH performance requirements with following assumptions:
· 120 kHz SCS: Single TB scheduling 
· 480 kHz SCS:  4-TB scheduling 
· 960 kHz SCS: 8-TB scheduling
Phase noise model
In FR2-1, 120 kHz is supported for both data/control channel.  CPE dominates the negative effect of phase noise, which can be effectively estimated on the PTRS designed in Rel-15. However, for the frequency band above 52.6GHz, the influence of phase noise is larger than that below 52.6GHz, hence both the CPE and ICI become more severe, which in turn lead to a decrease in the demodulation performance. RAN 1 has studied ICI impact on demodulation performance caused phase noise and many ICI compensation algorithms by using PN model example 2 defined in TS 38.803 as baseline.  Based on our understanding, PN model example 2 can be reused for RAN 4 for requirement definition. Moreover, considering ICI is a non-negligible factor affecting performance especially for lower SCS such as 120 kHz for band above 52.6GHz, we think it is necessary to verify UE’s capability to mitigate it.
Proposal 8: Define the PDSCH performance requirements by using PN model example 2 defined in TS 38.803 
Proposal 9: Define the PDSCH performance requirements by using ICI compensation
PDCCH requirements
As discussed in section 2, we propose to define PDCCH requirements with 480 kHz and 960 kHz SCS to verify channel estimation performance. Moreover, we propose to not consider LBT failure since it has no impact on PDCCH requirements. For PDCCH monitoring configuring, we propose to transmit PDCCH in the first slot of every four slots for 480 kHz and in the first slot of every eight slots for 960 kHz. For other assumptions, we propose to reuse the existing Rel-15 FR2 PDCCH test.
Proposal 10: Use following assumptions for PDCCH performance test.
· SCS: 480 kHz and 960 kHz
· Antenna configuration: 1T2R and 1T4R
· Aggregation level: 2 and 4 for 1T2R; 8 and 16 for 2T2R
· PDCCH transmissions: PDCCH is transmitted in the first slot of every four slots for 480 kHz and in the first slot of every eight slots for 960 kHz
PBCH requirements
For PBCH requirements, as we discussed in section 2, we propose to define it with 480 kHz and 960 kHz SCS with known SSB index and we propose to set to 64 since it is applicable to both licensed spectrum without LBT and unlicensed spectrum with LBT. For other assumptions, we prefer to reuse that from Rel-15.
Proposal 11: Use following assumptions for PBCH performance test:
· SCS: 480 kHz and 960 kHz
· Antenna configuration: 1T2R
· SSB index: Known and set it to index 0
· Propagation conditions: TDLA30-75
· TDD
Conclusion
In this paper, we provide our general over views on UE requirements for NR extension to 71GHz. The observations and proposals are:
Proposal 1: Define following performance requirements for UE operating in 71GHz band:
· For 120 kHz SCS: PDSCH
· For 480 kHz SCS and 960 kHz SCS (Optional with capability signaling): PBCH, PDCCH and PDSCH.
Proposal 2: Use transmission burst model defined in LAA as start point to be discussed and set the gap between two transmission bursts at least  to 4/8/16 OFDM symbols for 120/480/960 kHz SCS. Further discuss following test setup:
· COT duration
· LBT failure probability 
· HARQ feedback 
· Start symbol and end symbol within the slot
Proposal 3:  Define the UE requirements for max bandwidth for each SCS. i.e. 400 MHz for 120 kHz SCS, 1600 MHz for 480 kHz and 2000 MHz for  960 kHz.
Proposal 4: Keep the number of transmission RBs open until there are corresponding agreements from RF team.
Proposal 5: Define two set of PDSCH requirements for license band without LBT mechanism and unlicensed band with LBT mechanism.
Proposal 6: Define the PDSCH performance requirements for both rank 1 and rank 2:
· Rank 1: DMRS port 1000 is used and configure the RRC signalling indicating UE to assume FDD-OCC is not applied to all the antenna ports for DMRS which is applicable should be configured
· Rank 2: DMRS port 1000 and 1002 are used 
Proposal 7: Define the PDSCH performance requirements with following assumptions:
· 120 kHz SCS: Single TB scheduling 
· 480 kHz SCS:  4-TB scheduling 
· 960 kHz SCS: 8-TB scheduling
Proposal 8: Define the PDSCH performance requirements by using PN model example 2 defined in TS 38.803 
Proposal 9: Define the PDSCH performance requirements by using ICI compensation
Proposal 10: Use following assumptions for PDCCH performance test.
· SCS: 480 kHz and 960 kHz
· Antenna configuration: 1T2R and 1T4R
· Aggregation level: 2 and 4 for 1T2R; 8 and 16 for 2T2R
· PDCCH transmissions: PDCCH is transmitted in the first slot of every four slots for 480 kHz and in the first slot of every eight slots for 960 kHz
Proposal 11: Use following assumptions for PBCH performance test:
· SCS: 480 kHz and 960 kHz
· Antenna configuration: 1T2R
· SSB index: Known and set it to index 0
· Propagation conditions: TDLA30-75
· TDD
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