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[bookmark: _Ref506539118]Introduction
In this contribution, we discuss aspects related to PDSCH and PUSCH enhancements for extending NR up to 71 GHz. The WI for extending NR up to 71 GHz was approved in [1]. The following are the approved WI objectives. 
	· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timeing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.
· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
· Note: coverage enhancement for SSB is not pursued.
· Specify timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation
· Study which beam management will be used as a basis: R15/16 or R17 in RAN #91-e
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
       Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued
· [bookmark: _Hlk58595024]Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.
· [bookmark: _Hlk58594915]Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 
· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.
· Physical layer procedure(s) including [RAN1]:
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.
· Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.
· Study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access
· Study, and if needed specify, energy detection threshold enhancement 
· Radio interface protocol architecture and procedures [RAN2]:
· For operation in this frequency range: Introduce higher layer support of enhancements listed above that are agreed to be specified.
· Core specifications for UE, gNB and RRM requirements [RAN4]:
· Specify new band(s) for the frequency range from 52.6GHz-71GHz. The band(s) definition should include UL/DL operation and excludes ITS spectrum in this frequency range.
· Specify gNB and UE RF core requirements for the band(s) in the above frequency range, including a limited set of example band combinations (see Note 1). 
· Specify RRM/RLM/BM core requirements.
Note 1: The WI can be completed provided requirements for at least one band combination involving a new NR-U band is specified as long as it is in line with country-specific regulatory directives.
Note 2: UEs supporting a band in the range of 52.6GHz-71GHz are not required to support 480kHz SCS and 960kHz SCS.
Note 3: The maximum FFT size required to operate the system in 52.6GHz-71GHz frequency is 4096, and the maximum of RBs per carrier is 275 RBs.
Note 4: the system is designed to support both single-carrier and multi-carrier operation.
[bookmark: _Hlk58594589]Note 5: RAN plenary will decide whether new FR (e.g. FR3) shall be defined for the frequency range from 52.6GHz-71GHz or the existing FR2 shall be extended to cover frequency range from 52.6GHz-71GHz.
[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.  



The main issues discussed in the following section for PDSCH and PUSCH enhancements are maximum/minimum supported bandwidth for PDSCH/PUSCH, multi-TTI scheduling, and potential enhancements to PTRS and DMRS.
Discussions
Maximum and Minimum Supported Bandwidth
RAN1 has agreed to limit the bandwidths supported by a specific subcarrier spacing (SCS) such that it can be implemented using a maximum FFT size of 4096. Additionally, the maximum number of PRBs is limited to 275. These limitations are identical to transceiver limitation assumed for Rel-15 NR. Lastly, RAN1 has agreed that the upper bound of a single component carrier was also agreed to be 2160 MHz.
For 120 kHz SCS, RAN4 has already concluded to maximum bandwidth of 400 MHz during Rel-15 based on the transceiver limitations, 4k FFT and 275 max PRB size.
For 480 kHz SCS, if we follow agreed limitations, then maximum supported channel bandwidth will approximately correspond to 1.6 GHz. Please note the actual occupied bandwidth will be limited by 275 PRB size and will be strictly smaller than 1.584 GHz. Most likely RAN4 will further evaluate the required guardband for a 1.6 GHz channel bandwidth, and assign a smaller max PRB for 1.6 GHz channel bandwidth.
For 960 kHz SCS, it is possible to go up to 3.2 GHz. However, RAN1 agreement state that a single component carrier needs to be smaller than 2160 MHz. In order to have a scaled bandwidth compared with 120 kHz or 480 kHz. 2GHz channel bandwidth is suggested to be the maximum supported bandwidth for 960 kHz SCS. If we consider potential guardbands required for a 2 GHz channel bandwidth, the maximum number of PRBs should be likely be smaller than 170 PRBs, most likely between 162 ~ 168 PRBs. With 170 PRBs, the spectrum efficiency is 97.9% of 2 GHz channel bandwidth. Therefore, RAN4 will most likely conclude on PRB size for 2 GHz channel bandwidth with 960 kHz SCS to be something smaller than 170 PRBs. The added benefit of 2 GHz channel bandwidth and smaller or equal to 170 PRB is that waveform for physical layer signals and channel could be still represented by existing reference sampling rate, Tc, which is equal to 1/(480e3 x 4096). 
While a 2 GHz channel bandwidth would be slightly smaller than 802.11ad/ay single channel bandwidth of 2.16 GHz. It should be noted that 802.11ad/11ay system actually uses 1.88 GHz occupied bandwidth within 2.16 GHz channel bandwidth for single carrier waveform (11ad), and 1.83 GHz occupied bandwidth (355 subcarriers with 5.15625 MHz SCS) within 2.16 GHz channel bandwidth for OFDM waveform (11ay). Therefore, NR system operating with a 2 GHz channel bandwidth and spectrum efficiency of approximately ~95% of channel bandwidth would still have comparable occupied bandwidth and result in similar LBT measurement bandwidth, which should allow reasonable co-existence between the two systems. It should be noted that NR FR2 bands in Rel-15 have typically targeted for 95% spectrum efficiency. However, the actual target spectral efficiency for system bandwidth to be defined in 52.6 GHz to 71 GHz has not be determined yet.

As for the minimum bandwidth to be supported for NR operating in 60 GHz, we believe it is quite critical for NR operating in 60 GHz to have a clear differentiating factor compared to NR operating in FR1 or FR2. Development of gNB and UEs capable of operating in 60 GHz will be expense and vendors would need clear justification for it. It is quite difficult to imagine a UE or gNB vendor spending millions of dollars of R&D to support NR operating with 50 or 100 MHz which is better supported by existing FR1 and FR2 deployments. We strongly believe NR operating in 60 GHz should focus on even larger bandwidth that cannot be supported by existing FR1 and FR2 deployment. Based on this, we believe the smallest channel bandwidth supported for NR operating in 60 GHz should be 400 MHz (corresponding to the largest channel bandwidth in current FR2).
The following is a summary of our proposal regarding minimum and maximum channel bandwidth to be support by NR operating in 52.6 ~ 71 GHz.
Proposal 1
· Minimum supported bandwidth of 400 MHz for any SCS.
· Maximum supported bandwidth of 1600 MHz for 480 kHz SCS.
· Maximum supported bandwidth of 2000 MHz for 960 kHz SCS.
· 2000 MHz could be supported without changes to Tc = 1/(480e3 * 4096) even for 960 kHz.
· For 960kHz, up to 170 PRB can be supported without changing Tc. This results 1.9584 GHz which should be sufficiently large enough occupied bandwidth for 2GHz channel. Most likely the actual occupied channel defined by RAN4 will be smaller than 170 PRB.
· The maximum number of PRB that RAN1 considers for 480kHz is 275, and 960kHz is 170. Up to RAN4 to define the exact PRB sizes for each channel bandwidth.

Multi-TTI scheduling for PDSCH and PUSCH
For system operating between 52.6GHz and 71GHz carrier frequency, when a large subcarrier spacing, e.g., 480kHz or 960kHz is used, symbol and slot duration is very short, which may pose certain constraint for scheduler implementation. To alleviate scheduler constraint and relax higher layer processing burden, it is more desirable to consider a prolonged scheduling unit. More specifically, multi-TTI based scheduling can be employed, where one PDCCH can be used to schedule multiple PDSCHs or PUSCH carrying independent TBs. Based on this mechanism, scheduler implementation and higher layer processing burdened can be relaxed, while maintaining same peak data rate.
In Rel-16, multi-PUSCH based scheduling was defined to allocate consecutive PUSCH transmissions so as to avoid unnecessary LBT for NR-U. For system operating between 52.6GHz and 71GHz carrier frequency, similar mechanism can be considered as baseline for multi-PUSCH scheduling. 
For multi-PDSCH scheduling, it may be desirable to support both TB based and CBG based transmission for scheduled PDSCHs. To avoid excessive HARQ-ACK feedback bits for multi-PDSCH scheduling, number of PDSCHs scheduled by a single DCI can be limited. Following the similar design principle as multi-PUSCH scheduling, maximum number of PDSCHs for TB based scheduling can be limited to 8, while for CBG based scheduling, maximum number of PDSCHs can be 2. For the latter case, the configured number of CBGs for a PDSCH can be up to 4. 
Proposal 2
· Multi-PUSCH scheduling as defined for NR-U can be considered as baseline for multi-PUSCH scheduling.
· For multi-PDSCH scheduling, 
· Supported both TB and CBG based scheduling.
· Maximum number of PDSCHs for TB based scheduling is 8
· Maximum number of PDSCHs for CBG based scheduling is 2.

For time domain resource allocation of multiple PDSCHs, separate starting symbol and length of symbols for each PDSCH can be configured for each entry of TDRA, which can provide maximal flexibility on PDSCH scheduling. This can also enable dynamic switching between single-PDSCH and multi-PDSCH scheduling. For instance, when single SLIV is configured in one entry of TDRA, gNB may indicate this TDRA to schedule single PDSCH transmission.  
Note that depending on the configuration and scheduling decision, multiple PDSCHs may be allocated in non-consecutive manner. In this case, gNB may schedule other DL transmission for different UEs between multiple PDSCHs, which can help in addressing blocking issues. Note that number of PDSCHs for multi-PDSCH scheduling can be implicitly derived based on the number of indicated SLIVs in TDRA, which can help reduce signalling overhead. Figure 1 illustrates the multiple-TTI based scheduling for downlink data transmission. In the figure, different SLIVs are assigned for different PDSCHs. 

[image: ]
[bookmark: _Ref47008112]Figure 1. Time domain resource allocation for multi-PDSCH scheduling
To reduce DCI size for multi-PDSCH scheduling, some fields in the DCI can be commonly applied for the transmission of scheduled PDSCHs. For instance, same carrier indicator, BWP indicator, frequency domain resource allocation, MCS, DMRS configuration including antenna port, DMRS sequence initialization, etc., can be applied for all the scheduled PDSCHs. 
Further, a bitmap can be considered for the indication of NDI and RV for different PDSCHs, where the bitmap size can be determined based on the maximum number of scheduled PDSCHs among all entries of TDRA. In order to indicate the HARQ process ID for the scheduled PDSCHs, similar mechanism as defined for multi-PUSCH scheduling can be reused, i.e., HARQ process ID for the first PDSCH is based on the indicated HARQ process ID in the DCI for multi-PDSCH scheduling and incremented by 1 for subsequent PDSCHs.  
For PUCCH carrying HARQ-ACK feedback, single TPC command, PUCCH resource indicator and PDSCH-to-HARQ_feedback timing indicator can be included in the DCI for multi-PDSCH scheduling. In particular, PDSCH-to-HARQ_feedback timing indicator is used to indicate the slot offset between the last scheduled PDSCH and PUCCH.
Proposal 3
· For multi-PDSCH scheduling 
· Separate SLIVs are configured for each PDSCH as part of TDRA configuration. Number of PDSCHs is determined based on the number of SLIVs.
· Carrier indicator, BWP indicator, frequency domain resource allocation, MCS, DMRS configuration including antenna port, DMRS sequence initialization, etc., can be applied for all the scheduled PDSCHs.
· HARQ process ID for the first PDSCH is based on the indicated HARQ process ID in the DCI and increased by 1 for subsequent PDSCHs. 
· NDI and RV bitmap for each scheduled PDSCH is included in the DCI. 
· A single PDSCH-to-HARQ_feedback timing indicator is used to indicate the slot offset between the last scheduled PDSCH and PUCCH. 

For system operating between 52.6GHz and 71GHz carrier frequency, when 480kHz or 960kHz subcarrier spacing is employed, slot or one PDSCH transmission can be very short. For instance, slot duration for 960kHz subcarrier spacing is approximately 15.60µs. This indicates that consecutive PDSCHs may very likely experience similar channel conditions. In this case, for HARQ-ACK feedback of multi-PDSCH scheduling, it may be more desirable to consider time domain bundling of HARQ-ACK feedback, which can also help in reducing the HARQ-ACK codebook size. Since the multiple PDSCHs are scheduled by a single DCI, there is no confusion on which HARQ-ACKs for the PDSCHs are bundled. Figure 2 illustrates one example of time-domain bundling of HARQ-ACK feedback. In the figure, it is assumed bundling size of 2 slots for HARQ-ACK feedback. 
[image: ]
[bookmark: _Ref61588745]Figure 2. Time-domain bundling of HARQ-ACK feedback
When CBG based transmission is configured, HARQ-ACK feedback for multi-PDSCH scheduling can be included in the sub-codebook which carries HARQ-ACK feedback for CBG based transmission, considering the similarity between multi-PDSCH scheduling and CBG based transmission. 
Further, when CBG based transmission is not configured, HARQ-ACK codebook construction may depend on the number of PDSCHs scheduled by the DCI. More specifically, when up to two PDSCHs are scheduled, HARQ-ACK feedback for multi-PDSCH scheduling can be included in the sub-codebook for TB-based HARQ-ACK, which can avoid the necessary zero padding if it is included in the sub-codebook for CBG-based HARQ-ACK and thereby reduce the HARQ-ACK codebook size. Note that when the number of PDSCHs scheduled by the multi-TTI DCI is greater than 2, HARQ-ACK feedback for multi-PDSCH scheduling can be included in the sub-codebook for CBG-based HARQ-ACK.
Proposal 4
· For multi-PDSCH scheduling, 
· Time domain bundling of HARQ-ACK feedback is supported. 
· If CBG based transmission is configured, HARQ-ACK feedback for multi-PDSCH scheduling is included in the sub-codebook which carries HARQ-ACK feedback for CBG based transmission.
· If CBG based transmission is not configured, HARQ-ACK feedback for multi-PDSCH scheduling is included in 
· the sub-codebook for TB-based HARQ-ACK if up to two PDSCHs are scheduled;
· otherwise, the sub-codebook for CBG-based HARQ-ACK. 


Potential Enhancements for DMRS
In NR, DMRS utilizes frequency domain OCC to multiplex DMRS ports within the same resource elements. Even if the UE is receiving the transmission using Rank 1, the UE needs to de-spread the OCC before channel estimation since the UE is not aware of whether other UEs are multiplexed in the same resources using an orthogonal DMRS port or not. Therefore, the UE will need to always assume that there may be multiple DMRS ports multiplexed when processing DMRS for channel estimation.
The orthogonality of the OCC only works when there is no channel variation across the two REs with OCC. For smaller subcarrier spacing, this is typically not an issue as even with severe channel delay spreads, the channel is relatively flat and channel estimation can be performed with minimal performance loss. For larger subcarrier spacing, the channel become wide enough that there are some channel selectivity across the OCC REs, and this starts to impact high order modulation reception, where good channel estimation is required.
Figure 19 shows PDSCH performance with and without frequency domain OCC being enabled for DMRS. For higher order modulation such as 64QAM (MCS 22), we can clearly see the performance drop when OCC is enabled. The performance gap increases when channel delay spread increases. Therefore, it is evident that performance loss is stemming from the de-spreading of the OCC when the channel selectivity is relatively high.

[image: ][image: ]
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[bookmark: _Ref53790019]Figure 19. PDSCH BLER comparison with and without frequency domain OCC in DMRS

In order to avoid the described performance degradation for 480 kHz and 960 kHz, some modification of the UE assumption on DMRS port multiplexing could be considered to avoid the necessity of doing OCC de-spreading every time before channel estimation. In particular, we propose to indicate to UE that CDM groups, signaled in scheduling DCI, do not contain potential co-scheduled DMRS.
Proposal 5: Indicate to UE that CDM groups, signaled in scheduling DCI, do not contain potential co-scheduled DMRS.


[bookmark: _GoBack]Conclusions
In this contribution, we discussed xxxx. The following is a summary of the observation and proposals:
Proposal 1
· Minimum supported bandwidth of 400 MHz for any SCS.
· Maximum supported bandwidth of 1600 MHz for 480 kHz SCS.
· Maximum supported bandwidth of 2000 MHz for 960 kHz SCS.
· 2000 MHz could be supported without changes to Tc = 1/(480e3 * 4096) even for 960 kHz.
· For 960kHz, up to 170 PRB can be supported without changing Tc. This results 1.9584 GHz which should be sufficiently large enough occupied bandwidth for 2GHz channel. Most likely the actual occupied channel defined by RAN4 will be smaller than 170 PRB.
· The maximum number of PRB that RAN1 considers for 480kHz is 275, and 960kHz is 170. Up to RAN4 to define the exact PRB sizes for each channel bandwidth.
Proposal 2
· Multi-PUSCH scheduling as defined for NR-U can be considered as baseline for multi-PUSCH scheduling.
· For multi-PDSCH scheduling, 
· Supported both TB and CBG based scheduling.
· Maximum number of PDSCHs for TB based scheduling is 8
· Maximum number of PDSCHs for CBG based scheduling is 2.
Proposal 3
· For multi-PDSCH scheduling 
· Separate SLIVs are configured for each PDSCH as part of TDRA configuration. Number of PDSCHs is determined based on the number of SLIVs.
· Carrier indicator, BWP indicator, frequency domain resource allocation, MCS, DMRS configuration including antenna port, DMRS sequence initialization, etc., can be applied for all the scheduled PDSCHs.
· HARQ process ID for the first PDSCH is based on the indicated HARQ process ID in the DCI and increased by 1 for subsequent PDSCHs. 
· NDI and RV bitmap for each scheduled PDSCH is included in the DCI. 
· A single PDSCH-to-HARQ feedback timing indicator is used to indicate the slot offset between the last scheduled PDSCH and PUCCH. 
Proposal 4
· For multi-PDSCH scheduling, 
· Time domain bundling of HARQ-ACK feedback is supported. 
· If CBG based transmission is configured, HARQ-ACK feedback for multi-PDSCH scheduling is included in the sub-codebook which carries HARQ-ACK feedback for CBG based transmission.
· If CBG based transmission is not configured, HARQ-ACK feedback for multi-PDSCH scheduling is included in 
· the sub-codebook for TB-based HARQ-ACK if up to two PDSCHs are scheduled;
· otherwise, the sub-codebook for CBG-based HARQ-ACK. 

Proposal 5: Indicate to UE that CDM groups, signaled in scheduling DCI, do not contain potential co-scheduled DMRS.
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