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Discussion and Decision
1
Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
In multiple contributions in previous RAN1 meetings a common assumption has been that hybrid transceiver architecture would be a typical choice for >6GHz NR deployments at BS (and at UE as well). While providing cost and energy efficient implementation to achieve high system capacity and to support for large antenna arrays hybrid architecture due to analog beamforming component has inherent drawbacks as well. In this contribution limitations arising from hybrid architecture are discussed along with some potential improvements and specification support. 

2
Limitations with hybrid architecture

Hybrid beamforming system considered as a typical architecture when deploying NR at high carrier frequencies (> 6GHz) because of  

· Very wide system bandwidths, from hundreds of MHz up to few GHz, available at higher carrier frequencies leads to low/moderate number of high accuracy full bandwidth transceiver units (TXRUs) because of power consumption and cost

· To compensate increasing path loss when going higher in carrier frequency, larger and larger antenna array in terms of number of antenna elements are needed. The total number of antenna elements will be then significantly higher than affordable number of TXRUs

Typical characteristics for hybrid beamforming is operating with limited number of RF beams in parallel that can cover only portion of the cell coverage at a time as shown in the following figure where BS has capability to form 2 RF beams at a time. Considering for instance uplink operation, reception of scheduling request signals, random access channel and sounding reference signals from UEs around the sector, multiple time slots are needed (i.e. beam sweeping). The more narrow beam the less UEs can share the same beam and thus given the low number of available high accuracy and large bandwidth TXRUs, the multiplexing capacity will be limited by the number of TXRUs. 
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Figure 1 Sector coverage using limited number of narrow RF beams at a time.

Correspondingly, operation of hybrid beamforming system especially with high number of active UEs in the cell introduces the following deteriorations compared to full digital system:
· Physical layer latency

· Scheduling latency increases with decreasing number of parallel beams with fixed scheduling request (SR) resource overhead. Annex A provides an analysis about scheduling latency in hybrid RX architecture vs. digital RX architecture

· System overhead

· Beam sweeping is required for PRACH as well as for potential DoA estimation signaling and potential UL beam search signal. For beam sweeping separate subframe structure is needed. Multiplexing UL data with in uplink sweeping subframes is practically not possible because of frequent beam switching required

· Uplink control channel capacity and overhead

· As discussed above, number of simultaneously served UEs may be limited by the number of TXRUs (i.e. parallel beams) rather than by multiplexing capacity of uplink signal like SR per one time domain allocation block. In other words, increase of the number of UEs will reduce the achievable Tx/RX periodicity per UE

Observation 1: Operating using hybrid transceiver architecture suffers from increased scheduling latency and system overhead compared to digital architectures. Especially UL control signaling is expensive with hybrid architecture. 

3
Possible Solutions

1) Widening the RX beam

One solution to overcome limitations in uplink reception is to widen the RX beam(s) at the BS to receive UL control channel transmissions like PRACH, SR and UL (beam) tracking signals. Each beam would have potentially a full sector aperture but without high array gain. E.g. assuming low number of high accuracy wideband TXRUs in the hybrid system, like 2-4, DoA estimation would suffer poor resolution, PRACH and SR would suffer from poor link budget. On the other hand, PRACH and SR are typically sequences with good link budget, widening the beam may be possible from link budget point of view. But then, FDM multiplexing of other control channels like “PUCCH” with larger payload may not be possible because of lowered array gain and used wideband beam (non-frequency selective beamforming). 

Observation 2: Widening the RX beams for UL control may be used in some situations but would be far from optimal solution. 

2) Full digital subsystem

Another solution would be an implementation of a cost effective digital RX subsystem along with the main hybrid RX system. The digital RX subsystem could be used for reception of certain uplink control channels and small payload data transmissions in parallel with the main hybrid RX. The cost effective digital subsystem could be build for instance using high number of narrowband TXRUs or low accuracy TXRUs, or a combination of both. Considering the narrowband option more promising, NR supporting control channels with bandwidths << system bandwidth, it would be attractive option to implement a subsystem with high number of narrowband TXRUs to build a “full digital” receiver being able to process UL signals from the whole sector at once with high enough array gain and high DoA resolution capabilities. Benefits include:

· Physical layer latency reduction

· Capacity increase in terms of number of active UEs

· Higher resolution DoA estimation (increased number of BB inputs)

· Reduced system overhead

Observation 3: Full digital RX subsystem has high potential to improve hybrid architecture operation significantly in terms physical layer latency, system overhead and control channel capacity. 
4
System Design Principles

To support optimizing hybrid architecture operation with the introduction of digital RX subsystem, signal design and control channel design need to follow the following principles:

· Transmission bandwidth of the UL control signal and demodulation RS significantly smaller than system bandwidth

· Efficient multiplexing between narrowband control signals and other/wideband signals (received using hybrid architecture)

Proposal 1: Define UL control signal and channel, and RS structures in a way to allow optimizing BS hybrid implementation with full digital RX subsystem:

- narrowband resource allocation structures with flexible allocation and scheduling possibility 

- signal design to enable high multiplexing capability for the control signals like scheduling request

5
Conclusion

Operating using hybrid transceiver architecture has inherent limitations related to low latency operation and increased system overhead. Especially in uplink hybrid architecture introduces challenges which can be overcome if UL control signal reception would allow implementing full digital RX subsystem at BS along side high accuracy-large bandwidth hybrid RX.

Observation 1: Operating using hybrid transceiver architecture suffers from increased scheduling latency and system overhead compared to digital architectures. Especially UL control signaling is expensive with hybrid architecture.

Observation 2: Widening the RX beams for UL control may be used in some situations but would be far from optimal solution. 

Observation 3: Full digital subsystem could be implemented in cost efficient manner along with hybrid architecture.

Observation 4: Full digital subsystem has high potential to improve hybrid architecture operation significantly.
Proposal 1: Define UL control signal and channel and RS structures in a way to allow optimizing BS hybrid implementation with full digital RX subsystem:

- narrowband resource allocation structures with flexible allocation and scheduling possibility 

- signal design to enable high multiplexing capability for the control signals like scheduling request 

Annex A Scheduling latency

Physical layer latency is compared between hybrid RX and digital RX. Metric is a scheduling latency that is calculated from triggering the scheduling request transmission at the UE to the 1st uplink scheduling grant, as shown inside the dashed box in the following figure. 
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Figure 2 Scheduling latency metric. 

System is assumed to use a subframe with bi-directional control. Subframe length is assumed to be 250 us. 60 kHz subcarrier spacing is considered with 1 us cyclic prefix. Scheduling request signal is having around 2 MHz signal bandwidth and one symbol duration in time domain (16,67 us). 5 SR resources are FDM multiplexed within 10 MHz chunk. The digital RX subsystem is assumed to operate using 10 MHz bandwidth. Furthermore, each SR resource has a multiplexing capacity of around 13 (max would be symbol length divided by CP) providing total capacity of 80 for the 10 MHz chunk having 5 SR resources FDM multiplexed. Two different SR resource periodicities are considered: 1) SR resource chunk in every subframe 2) SR resource chunk in every fourth subframe. Minimum SR to scheduling grant delay is 0.25 ms. Hybrid architecture with total of 4 TXRUs and two x-pol panels with subarray mapping is considered. In addition, it’s assumed that 2 TXRUs (one per polarization) are allocated to receive signal from one direction/UE at a time. Finally, 50 and 500 active UEs, each having a periodic SR resource and one UE trigger SR at a time, are considered.  

Assuming full digital and hybrid architectures 4 TXRUs the scheduling latencies according to Table 1 show clear increase in scheduling latency when hybrid architecture is deployed compared to full digital architecture. 

Table 1 Scheduling latencies in full digital and hybrid systems.

	
	50 UEs, SR resource period 0.25 ms
	500 UEs, SR resource period 0.25 ms
	50 UEs SR resource period 1 ms
	500 UEs SR resource period 1 ms

	Digital
	0.5 ms
	1.375 ms
	0.875 ms
	4.4 ms

	Hybrid (4 TXRUs)
	1.31 ms
	8.31 ms
	4.31 ms
	32.31 ms
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