[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 #103-e	                                                                 R1-2008156
e-Meeting, October 26th – November 13th, 2020
Agenda item:	8.2.1
Source:	Samsung
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Title:	Design aspects for extending NR to up to 71 GHz
Document for:	Discussion and Decision
Introduction
In RAN #86, a new study item for Rel-17 was approved to extend NR to up to 71 GHz [1]. This contribution will discuss the design aspects for extending NR to up to 71 GHz, including the general aspects of the operating bands from 52.6 GHz to 71 GHz, new numerology and carrier bandwidth to be supported for this carrier frequency range, and identified impacts to NR PHY design assuming same DL and UL waveforms are reused. 
General Aspects for Operating Bands from 52.6 to 71 GHz
TR 38.807 [2] has summarized the current licensing situation for data communication for carrier frequency between 52.6 GHz and 114.25 GHz for various countries under ITU region 1, 2, and 3. Table 1 shows the situation for carrier frequency between 52.6 GHz and 71 GHz, as the focus of this study item. 

[bookmark: _Ref40169395]Table 1 Current licensing situation between frequency 52.6GHz and 71GHz [2].
	Region
	Country
	Frequency (GHz)

	
	
	52.6-54.25
	54.25-55.78
	55.78-56.9
	56.9-57
	57-58.2
	58.2-59
	59-59.3
	59.3-64
	64-65
	65-66
	66-711)

	ITU Region 1
	Europe/CEPT
	
	
	
	
	U (Mobile)
	

	
	Israel
	
	
	
	
	
	
	
	
	
	
	

	
	South Africa
	
	
	
	
	U (Mobile)
	U (Mobile)
	

	ITU Region 2
	USA
	
	
	
	
	U (Mobile)

	
	Canada
	
	
	
	
	U (Mobile)
	
	
	

	
	Brazil
	
	
	
	
	U (Mobile)
	
	
	

	
	Mexico
	
	
	
	
	U (Mobile)
	
	
	

	ITU Region 3
	China
	
	
	
	
	
	
	U (Mobile)
	
	
	

	
	Japan
	
	
	
	
	U (Mobile)
	

	
	Korea
	
	
	
	
	U (Mobile)
	

	
	India
	
	
	
	
	
	
	
	
	
	
	

	
	Taiwan
	
	
	
	
	U (Mobile)
	

	
	Singapore
	
	
	
	
	U (Mobile)
	

	
	Australia
	
	
	
	
	U (Mobile)
	

	NOTE 1: Access regime currently under discussion in CEPT



It can be observed that only unlicensed bands are currently identified between 52.6 GHz and 71 GHz, and the identified unlicensed bands are all located between 57 GHz and 71 GHz (i.e., so called 60 GHz unlicensed bands), wherein the carrier frequency range between 57 GHz to 66 GHz is globally unlicensed, while the carrier frequency range between 66 GHz and 71 GHz is only applicable in US at least for now, and it could be applicable as licensed bands for other countries. 


Proposal 1: The study item shall consider the potential to support both licensed and unlicensed operations over the bandwidth between 66 GHz and 71 GHz.
Carrier Bandwidth and Numerology
One of the key aspects for this study item is to identify the carrier bandwidth and numerology for carrier frequency between 52.6 GHz and 71 GHz, assuming same DL and UL waveform of NR are reused. In NR Rel-15 and Rel-16, a supported maximum carrier bandwidth is 100 MHz for FR1 (corresponding to SCS of 30 kHz with FFT size 4096), and 400 MHz for FR2 (corresponding to SCS of 120 kHz with FFT size 4096). However, such bandwidth may not be sufficient for operation between 52.6 GHz and 71 GHz. For example, at least for 60 GHz unlicensed band, a carrier with bandwidth as large as 2.16 GHz should be supported, wherein the channelization is same as the coexistence RAT such as 802.11 ad operating on the same carrier frequency range. 

In NR Rel-15 and Rel-16, a supported SCS is scaled from 15 kHz and in the form of  kHz, and the maximum FFT size is 4096. To avoid the hardware changes and minimize specification impacts, it was agreed to maintain maximum FFT size of 4096 and maximum PRB of 275 per carrier in RAN1#102-e meeting. According to this design target, at least for 60 GHz unlicensed band with 2.16 GHz channelization, 960 kHz SCS shall be considered as a baseline. A SCS smaller than 960 kHz will result in a FFT size larger than 4096 (as shown in Table 2), and shall not be supported for the channelization of 2.16 GHz; while a SCS larger than 960 kHz (e.g. 1920 kHz) will result in very small symbol duration, so RAN1 shall carefully study its necessity, especially when 960 kHz could be sufficient.  

Moreover, in NR Rel-15 and Rel-16, both normal CP length (i.e., 14 symbols in a slot) and extended CP (i.e., 12 symbols in a slot) are supported, wherein the NCP is supported for all the SCS, and ECP is only supported for 60 kHz SCS. ECP is mainly targeted for the scenario with long delay spread, wherein the CP length in NCP may not be sufficient. For the same reasoning, both NCP and ECP shall be studied for the carrier frequency between 52.6 GHz and 71 GHz, taking into consideration the targeted development scenarios clarified by RAN1. 

A summary of the FFT size, symbol duration, and CP length with respect to different SCS and CP length is illustrated in Table 2, wherein a carrier with 2.16 GHz bandwidth is assumed. 

[bookmark: _Ref40171336]Table 2 A summary of FFT size, symbol duration, and CP length for 2.16 GHz carrier.
	SCS
	FFT size
	Symbol duration (NCP)
	CP length (NCP)
	Symbol duration (ECP)
	CP length (ECP)

	480 kHz
	8192
	2.23 us
	0.15 us
	2.60 us
	0.52 us

	960 kHz
	4096
	1.11 us
	0.07 us
	1.30 us
	0.26 us

	1920 kHz
	2048
	0.56 us 
	0.04 us
	0.65 us
	0.13 us



Other than a new channelization of 2.16 GHz, at least one of the supported channelization and numerology in FR2 could also be supported for 52.6 GHz to 71 GHz, wherein the same maximum FFT size of 4096 is assumed. More precisely, a carrier bandwidth of 400 MHz with SCS of 120 kHz can be supported, and the supporting of other SCS for 400 MHz carrier bandwidth should be further studied, taking account the potential specification impact and use case. If 400 MHz with 120 kHz SCS is sufficient, other SCS is not needed. 

Moreover, when both 2.16 GHz carrier bandwidth with 960 SCS and 400 MHz carrier bandwidth with 120 kHz SCS are supported, one further aspect to be studied is whether mixture of the two SCSs is expected by the UE. Supporting multiplexing of signals/channels with different SCSs (e.g. either TDMed or FDMed) may provide flexibility in implementation, but requires more specification impact (especially for a larger SCS ratio). Hence, RAN1 shall further study the necessity of supporting mixture of numerology for above 52.6 GHz. 

In Figure 1 to Figure 3, BLER performances according to MCS 7, MCS 16, and MCS 22 are provided with different BWs. For 400MHz evaluation, 256/128/64/32 RBs are used for 120/240/480/960kHz SCS. For 2000MHz evaluation, 360/160 RBs are used for 480/960kHz SCS. Further details evaluation assumptions are summarized in Appendix. Based on the results, it is observed that link performance of smaller sub-carrier spacing is more degraded especially for higher MCS because of the phase noise impact. It is also observed that higher sub-carrier spacing can mitigate phase noise impact. 
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[bookmark: _Ref53648355]Figure 1: BLER for TDL-A with 5ns
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Figure 2: BLER for TDL-A with 10ns
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[bookmark: _Ref53648357]Figure 3: BLER for TDL-A with 20ns

Observation 1: Higher sub-carrier spacing (e.g. 960 kHz) can mitigate phase noise impact better, especially for high MSC. 

Proposal 2:
· The following two combinations of maximum channel bandwidth and numerology shall be supported:  
· Maximum carrier bandwidth of 2.16 GHz with SCS of 960 kHz;
· Maximum carrier bandwidth of 400 MHz with SCS of 120 kHz.
· Further study whether ECP is needed for 960 kHz SCS.
· Further study whether the support of other SCS is needed.
· Further study whether mixed numerology is needed.
Impacts to PHY Design
According to the support of new numerology(ies) and new carrier bandwidth, the physical layer design will be impacted. At least the following aspects are expected to be modified/enhanced from NR FR2, in order to support the operation between 52.6 GHz and 71 GHz. 
Initial Access Related
In Rel-15 and Rel-16, SS/PBCH block is only supported for 15 kHz and 30 kHz for FR1, and 120 kHz and 240 kHz for FR2, as shown in Figure 4. For the new carrier frequency range 52.6 to 71 GHz, there could be new numerology supported, and the SS/PBCH block pattern needs to be defined for the new numerology. Scaling from existing SS/PBCH block pattern can be considered as the baseline, but design aspects including the switching time between neighboring SS/PBCH block beams shall be taken into account. For example, around 300 ns gap was assumed in Rel-15 for the beam sweeping time of neighboring SS/PBCH blocks, and that duration can be accommodated within the CP length of 240 kHz SCS. However, if a larger SCS is used for the new carrier frequency range 52.6 to 71 GHz (e.g. 960 kHz SCS), the beam switching duration of the SS/PBCH blocks cannot be restricted within the CP length (e.g. see Table 2). This restriction may not be achievable in implementation, so at least one symbol (or even more) should be guaranteed in time domain between the neighboring SS/PBCH blocks in a slot. 



[bookmark: _Ref47013303]Figure 4 Illustration of supported SS/PBCH block pattern in Rel-15 and Rel-16.
Proposal 3: RAN1 shall study the SS/PBCH block pattern for the new numerology, taking into account the beam switching time between neighboring SS/PBCH blocks. 

Also, in NR Rel-15 and Rel-16, FR2 supports bandwidth of CORESET#0 not overlapping with bandwidth of its associated SS/PBCH block, i.e., Pattern 2 or Pattern 3. More precisely, Pattern 2 was supported for mixed numerology of SS/PBCH block and CORESET#0, while Pattern 3 was supported for same numerology of SS/PBCH block and CORESET#0. This restriction may not be essentially needed considering to provide flexibility for allocate the location of CORESET#0, so for the new carrier frequency range 52.6 to 71 GHz, if there is enough number of configurations available, both Pattern 2 and Pattern 3 can be supported. 

Proposal 4: RAN1 shall study the multiplexing pattern of SS/PBCH block and CORESET#0, and supporting both Pattern 2 and Pattern 3 is beneficial for the flexibility of allocating the CORESET#0. 

RACH Related 
In Rel-15/16, the preamble format is supported for 1.25 kHz or 5 kHz for long sequence and 15~120 kHz for short sequence, which does not consider the new numerology.  But since the PRACH is a specific channel, it can have different numerology compared to other UL channels in NR. Considering the necessary combat with phase noise, a direct scaling or reuse from existing numerology for PRACH can be considered. 
During last meeting discussion, the much larger SCS (e.g., 960 kHz) is widely considered in RAN1. With this larger SCS, the symbol duration is much shorter than NR Rel-15/16. Given that if LBT is still required before each PRACH transmission, the consecutive allocation of ROs within a PRACH slot could lead to the scenario where LBT for a RO is failed due to a PRACH transmission utilizing the previous RO. In Rel-15/16 case, the RO length is relative long compared to the one with larger SCS, as shown in Figure 5, the length of RO with 120 kHz is 8 times of that for RO with 960 kHz. In 120 kHz case, if UE selects the RO 1, it needs to do LBT whose period will overlap with RO 0, so whether RO 0 has been selected by others will be important to the LBT results. The same happened to the case if UE selects RO 2, the LBT period will overlap with RO 1 and LBT results will be impacted by the usage of RO 1 as well. 
Observation 2: The LBT result of the selected RO is highly relying on the usage of previous RO.
This issue will be even worse for 52.6 GHz in case of higher SCS is adopted. As shown in Figure 5, the length of RO will be much shorter than 120 kHz case. Even though the LBT period could be relatively shorter as well, the LBT period will overlapped with multiple ROs. Thus, the LBT results of the RO 2 will depend on both RO 0 and RO 1 as in Figure 5.  Any of these ROs being selected will make the RO 2 unavailable for UE to use. 

[image: ]
[bookmark: _Ref53647616]Figure 5 Illustration of impact of consecutive ROs for LBT.
Observation 3: The consecutive configuration of RO could further increase the LBT failure probability  

Thus, a LBT gap is needed before a RO. The gap duration between neighboring ROs can be achieved by configuring UEs to only utilize the RACH occasions with odd indexes 2n+1 (e.g., the 1-st, 3-rd, 5-th) within the RACH slot for PRACH transmissions, while the RACH occasions with even indexes 2n (e.g., the 0-th, 2-nd, 4-th) can be used for the LBT operation of UEs that will utilize RO with index 2n+1. This approach can directly use the existing PRACH configuration table from Rel-15/16 and thus requires less modification from current spec. An illustration of this approach is illustrated in Figure 6, wherein 6 ROs with PRACH preamble format A1 are configured within the RACH slot, among which 3 ROs are configured as the LBT gap.


[bookmark: _Ref47512616]Figure 6 An example of creating LBT gap through even/odd RO indexes.
Proposal 5: Non-consecutive RO configuration is beneficial for alleviating the RACH LBT failure, and shall be supported for 60 GHz unlicensed band.
Processing Timing Related 
With larger numerology up to 960 kHz, a set of processing timing should be modified, including PDSCH to HARQ-ACK processing time, PDCCH to PDSCH or PUSCH processing delay, CSI processing time, antenna switching time as well as beam switching time. Correspondingly, the signaling mechanism as well as relevant physical layer procedures should be enhanced with the consideration of proper signaling overhead, desirable latency, and potential standard effort.  
 
Proposal 6: RAN1 shall study proper value for processing timing for new numerology, and enhancement for relevant procedures and signaling with the consideration of UE complexity, latency and signaling overhead. 
PDCCH Related 
For PDCCH monitoring, a much shorter duration of a slot with large SCS, e.g. slot duration is 1/64 ms with 960KHz SCS, would lead to very frequent PDCCH detection, if a UE monitors PDCCH in each slot. It undesirably increases UE power consumption as well as increases UE complexity and capability, because the number of PDCCH BDs within a period, e.g. 1 ms would be dramatically increases, which would be out of practical UE capability. On the other hand, to keep similar UE capability as Rel-16, the number of PDCCH BD per slot is dramatically decreased which would seriously impact the scheduling flexibility and increases PDCCH blocking probability.  One possible compromise way is to relax per slot PDCCH BD capability to per reference period PDCCH BD capability. For example, taking the slot duration of 120KHz SCS as the reference duration, the total number of PDCCH BD within 8 slots of 960KHz SCS is limited by the maximum PDCCH BD candidates number defined for one slot of 120KHz SCS. Alternatively, extending the span of PDCCH monitoring to more than one slot for maximum PDCCH BD capability can also relax UE processing timeline. 

Proposal 7: RAN1 shall study the mechanism to reduce PDCCH monitoring burden at UE side for new numerology.  
Scheduling Related
With large SCS, the slot duration is much smaller, i.e., 1/8 with 960kHz SCS of the slot duration with 120kHz SCS. As discussed in previous section, due to hardware constraint, the processing time will not be scaled down linearly. Moreover, considering potential longer PDCCH SS periodicity, round-trip time of a packet will increase accordingly. With same HARQ process number, even transmission time of PUSCH/PDSCH is within several symbols or within one slot, it will not increase the practical data rate. Therefore, slot bundling, i.e. one TB over multiple slots, can be considered to fully utilize resources within the RTT without increasing the HARQ process number. In addition, with restriction on maximum transmission power, the coverage will be restricted by transmission time. Spreading one TB over multiple slots with reduced number of PRBs per slot can increase the total transmission power for a TB thus improve the coverage, at least for PUSCH.  Since the slot duration is smaller and we mainly focus on stationary scenario, coherent time may be longer compared with the slot duration.  If slot bundling is considered, DMRS time domain density may be able to further decrease to reduce the overhead. 
Due to longer coherent time, scheduling parameters in multiple consecutive slots for a UE may be the same. If gNB would schedule multiple PDSCHs for a UE in a short period, one DCI scheduling multiple PDSCHs rather than multiple DCIs with one-to-one scheduling can save DCI overhead, because only one set of scheduling parameters such as time/frequency/code/spatial domain resource can be common to all PDSCHs scheduled by the same DCI. Furthermore, supporting multi-PDSCH scheduled by one DCI also reduce PDCCH monitoring burden. Configuring PDCCH SS periodicity larger than one slot can reduce PDCCH monitoring burden. To fully utilize DL/UL resources, cross-slot scheduling is needed to enable PDSCH/PUSCH transmissions in slots between 2 consecutive PDCCH SSs.  If one DCI can only schedule one PDSCH/PUSCH, the number of PDCCHs in one PDCCH monitoring occasion increases, which increases UE PDCCH BD burden. Therefore, supporting multi-PDSCH/PUSCH scheduled by one DCI can reduce PDCCH monitoring burden without sacrificing DL/UL resources utilization efficiency. In Rel-16 NR-U, multi-PUSCH scheduled by a single UL grant is already supported. It is simple to extend such scheduling to PDSCH. 
PSD boosting to a smaller BW can increase SINR at receiver side. The channel estimation performance is better at high SINR and a better BLER performance can be expected. If a decent coverage needs to be achieved, PSD boosting can be used to increase SINR at receiver side. 1 PRB or even sub-PRB/subcarrier bundle based frequency domain scheduling can be further studied at least for licensed band. Then, a longer duration in time domain is expected with single PRB or sub-PRB allocation. In that case, it is beneficial to increase the minimum time-domain scheduling unit, e.g. from symbol-level to symbol-bundle-level or even slot-level time domain resource allocation. 

Proposal 8: RAN1 shall study more flexible resource allocation in both time and frequency domain for different scenarios, including increasing the time-domain scheduling unit to be larger than one symbol, multi-PDSCH scheduling by one DCI, one TB mapped to multiple slots and subcarrier bundling/sub-PRB. 
UL Transmission Related
In unlicensed band, there is PSD restriction and maximum transmission power restriction. In LAA and NR-U, PRB-level interlace is supported for UL transmission to achieve maximum transmission power and maximum PSD at the same time, because the bandwidth of 1 PRB is less than PSD bandwidth (1 MHz). For numerology larger than 60 kHz, bandwidth of one PRB is larger than 1 MHz, thus the total transmission power is restricted by the PSD limitation with PRB-level interlace. Considering the bandwidth of one or multiple REs is still smaller than 1MHz (depending on numerology), it would be beneficial to support sub-PRB level interlace to fully utilize the maximum transmission power as well as to maximum PSD. For example, 2 sub-carriers per PRB for 480 kHz SCS can achieve similar power efficiency as LAA/NR-U. 
Proposal 9: RAN1 shall study sub-PRB level interlace for UL transmission. 
Beam Operation Related
The beam related issue has been raised in last meeting for initial access in FR2. Due to the lack of (frequent) beam tracking in the initial access, the practical implementation faces that the beam will be failed during the RACH procedure. Normally, UE selects the PRACH resource associated with the SSB it picked with relatively high RSRP; and by successfully received the correct the feedback for gNB, the UE is able to set-up a working beam pair with gNB. The beam related issues are mainly in two aspects:
· For DL beams, unlike the beam tracking procedure after RRC connection, e.g., SRS or CSI-RS, the UE might experience the loss of preferred beam while not knowing it. For example, for a SSB selected for RACH transmission, UE will start the msg.3 transmission after receiving a correct RAR and also start the contention resolution timer. However, such timer could be as large as 64 ms, the preferred beam might be changed due to the environment change or mobility, thus the msg3 might be failed causing by the DCI is missed as shown in following figure. Then the DL beam adjustment for initial access including the finer beam reference signal measurement and also multi-beam selection/reporting during the procedure could be considered.

[image: ]
Figure 7 Impact of preferred DL beam changed during random access.
· For UL beams, all UE holds the beam correspondence capability in current NR. But some of the UEs need the assistance of gNB. Besides, during the random access procedure, the Tx beam for msg.1 is up to UE implementation. According to the DL measurement, the UE needing no assistance could directly determine which UL Tx beam is good based on DL Rx beam corresponding to the selected SSB.  However, the UE needing the assistance need to try different UL Tx beam in one procedure, and based on the feedback for gNB (e.g., whether a correct RAR could be received), UE can finally identify the previously used the UL Tx beam is good enough or not. For >52.6GHz case, the beam will be even narrower, and the attempts for the UE to find the matched/working beam might be even longer than before. This is not only adding the access delay in the initial access and as we discussed above, the longer time may also increase the possibility that UE may lose the track of best/good DL Tx beam. 

For msg.1 with beam based transmission, the RO bundle could be considered for msg.1 enhancement.  The RO bundle means that a number of RO is grouped together, and UE can transmit the msg.1 per RO bundle instead of only one RO. The benefits of the RO bundle could be in two perspectives:
· Transmitting preambles in multiple UL Tx beams at one RACH attempt as shown in Figure 8(a). This is particularly beneficial for these UEs needing assistance for beam correspondence. Generally, the UE could identify the matched beam with less re-attempt times, thus save access latency;
· The preambles in different ROs in a RO bundle could be regarded as repetitions, which can provide link budget enhancement for PRACH reception, even for these UEs who already know which Tx beam is the best as shown in Figure 8(b). 
[image: ]
[bookmark: _Ref53647726]Figure 8 RO bundle for same Tx beam an different Tx beam.
Proposal 10: RAN1 shall consider the beam adjustment mechanism in initial access procedure to alleviate the beam alignment delay. 
Reference Signals Related
It is well-known that phase noise can be divided to two parts, CPE (common-phase error) and ICI (inter-carrier interference). Rel-15 PT-RS design focused on CPE compensation, but the effect of phase noise is more severe for higher frequency due to ICI. Hence, for the new carrier frequency range, the PT-RS can be enhanced to address the ICI issue. For example,  the whole RB allocation can be divided into  chunks (groups) and the PT-RS is located in the middle of each chunk. Each chunk contains  subcarriers. Figure 9 shows the aforementioned PT-RS pattern. This chunk based PT-RS pattern can be considered as a generalization of Rel-15 PT-RS, in the sense that the distribute PT-RS pattern in Rel-15 can be represented as , and the fully localized PT-RS pattern can be represented as .



[bookmark: _Ref47016289]Figure 9 Illustration of proposed PT-RS pattern.
Proposal 11: RAN1 shall study the enhancement to reference signals (e.g. PT-RS) for the new carrier frequency range, taking into consideration of the impact from the new numerology. 
Conclusion
In this contribution, we have discussed design aspects for extending NR to up to 71 GHz. Observations and proposals of this contribution are summarized as follows. 
Proposal 1: The study item shall consider the potential to support both licensed and unlicensed operations over the bandwidth between 66 GHz and 71 GHz.

Observation 1: Higher sub-carrier spacing (e.g. 960 kHz) can mitigate phase noise impact better, especially for high MSC. 

Proposal 2:
· The following two combinations of maximum channel bandwidth and numerology shall be supported:  
· Maximum carrier bandwidth of 2.16 GHz with SCS of 960 kHz;
· Maximum carrier bandwidth of 400 MHz with SCS of 120 kHz.
· Further study whether ECP is needed for 960 kHz SCS.
· Further study whether the support of other SCS is needed.
· Further study whether mixed numerology is needed.

Proposal 3: RAN1 shall study the SS/PBCH block pattern for the new numerology, taking into account the beam switching time between neighboring SS/PBCH blocks. 

Proposal 4: RAN1 shall study the multiplexing pattern of SS/PBCH block and CORESET#0, and supporting both Pattern 2 and Pattern 3 is beneficial for the flexibility of allocating the CORESET#0.

Observation 2: The LBT result of the selected RO is highly relying on the usage of previous RO.

Observation 3: The consecutive configuration of RO could further increase the LBT failure

Proposal 5: Non-consecutive RO configuration is beneficial for alleviating the RACH LBT failure, and shall be supported for 60 GHz unlicensed band.

Proposal 6: RAN1 shall study proper value for processing timing for new numerology, and enhancement for relevant procedures and signaling with the consideration of UE complexity, latency and signaling overhead. 

Proposal 7: RAN1 shall study the mechanism to reduce PDCCH monitoring burden at UE side for new numerology.  

Proposal 8: RAN1 shall study more flexible resource allocation in both time and frequency domain for different scenarios, including increasing the time-domain scheduling unit to be larger than one symbol, multi-PDSCH scheduling by one DCI, one TB mapped to multiple slots and subcarrier bundling/sub-PRB. 

Proposal 9: RAN1 shall study sub-PRB level interlace for UL transmission. 

Proposal 10: RAN1 shall consider the beam adjustment mechanism in initial access procedure to alleviate the beam alignment delay. 

Proposal 11: RAN1 shall study the enhancement to reference signals (e.g. PT-RS) for the new carrier frequency range, taking into consideration of the impact from the new numerology. 
Reference
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Appendix

Table 3 Evaluation assumptions in LLS for PDSCH
	Parameters
	Values

	Carrier frequency
	60 GHz

	Waveform
	CP-OFDM

	Antenna configuration
	2x2 (for TDL model)

	MIMO Layer
	1 

	Subcarrier spacing
	120/240/480/960 KHz

	CP length
	NCP

	Phase noise model
	TR38.803 Example 2

	MCS
	NR Rel-15 MCS Table

	MIMO reception algorithm
	MMSE

	Channel model
	TDL-A

	RB allocation
	2GHz: 320/160
400MHz: 256/128/64/32

	FFT size
	2GHz: 4096/2048
400MHz: 4096/2048/1024/512

	PDSCH symbol indexes
	2-13

	DMRS symbol index
	2

	DMRS bundling size
	Full allocated BW

	PTRS symbol indexes
	3-13

	PTRS density 
	One tone per 4 RBs  

	Channel code
	LDPC

	Channel estimation
	MMSE

	Transmission mode 
	QPSK:526/1024; MCS 7
16QAM: 658/1024; MCS 16
64QAM:666/1024; MCS 22
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