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[bookmark: _Hlk489610441][bookmark: _GoBack]In LS R1- 1715373, RAN4 made the following request to RAN1: 
1. Overall Description:
RAN4 has discussed recently received LS (R4-1707016) from RAN1 on minimum supported carrier bandwidth for NR:
RAN1 would like to kindly request RAN4 to support a minimum carrier bandwidth value of 100MHz in addition to 50MHz in order to accommodate SS Blocks with 240kHz SCS for bands, where appropriate, in the frequency range from 24 GHz to 52.6 GHz.
RAN1 would like to kindly request RAN4 to support a minimum carrier bandwidth value of 10MHz in addition to 5MHz in order to accommodate SS Blocks with 30kHz SCS for bands, where appropriate, in the frequency range below 6 GHz.

RAN4 has identified issues with respect to this incoming LS after careful studies. RAN4 has agreed 5MHz and 50MHz to be applicable minimum carrier bandwidths for many Sub-6GHz and mmWave NR bands. However, for bands where these minimum bandwidths are required, there is also need on higher SS SCS due to either LTE-NR co-existence or wider minimum CH BW deployment need. Hence the support of 10MHz and 100MHz minimum carrier bandwidths associated with 30kHz and 240kHz SS SCS for these bands is unclear from RAN4 perspective.
2. Actions:
To RAN1
RAN1 is asked to find a solution how to support the following cases:
1. Minimum required channel BW and SS SCS for a Sub-6GHz band are 5MHz and 15kHz, respectively. An operator plans to operate with 10MHz bandwidth 30kHz SCS in order to deploy NR/LTE DL co-existence within the same band.

1. For bands above 6GHz, the minimum required channel BW and SS SCS are 50MHz and 120kHz, respectively. An operator who has at least 100MHz contiguous spectrum, plans to operate with 240kHz SS SCS within the same band. 

1. RAN1 is asked to find a solution that shall support the ability for a UE to perform initial access to the NR cells operating with the above carrier bandwidth/SS SCS combinations.


In this contribution, we discuss how to increase the flexibility in bandwidth and subcarrier spacing used for the SS/PBCH block.
[bookmark: _Ref178064866]Discussion
The “source” of the problem raised by RAN4 is the bandwidth of the PBCH. The 288 subcarriers used for cannot fit with 5MHz for 30 kHz subcarrier spacing and similarly not fitting in 50 MHz with 240 kHz SCS. Halving the number of subcarriers to allow also 30 kHz SS blocks to fit in 5 MHz would solve the multiplexing problem, but would also reduce the number of resource elements available for PBCH. At this time, it is not desirable to increase the number of symbols for the PBCH to compensate for the loss in resource elements in frequency domain, since that would mean revisiting decisions of SS block mapping. Increasing the number of symbols also creates problems for fitting the SS blocks between symbols with CRS in the LTE-NR coexistence case. 
Since the coding rate of the PBCH is already very low(1/18 for a 48 bit payload), any loss from repetition coding should be limited given that the polar code will anyway start to repeat for code rates below 0.09375. Power boosting, where energy is taken from other resource elements to increase the energy of the PBCH REs, can be used to compensate for the reduced number of resource elements and can be limited to about 3 dB which is well within what is achievable for QPSK modulated signals.
To allow reducing the bandwidth the payload for PBCH should be kept low. Hence the lower range of payload size, ~40 bits, should be targeted. 
The performance of the PBCH when mapped to 144 or 288 subcarriers with 30kHz subcarrier spacing is shown in Figure 1, where the agreed DMRS pattern is used, and ideally estimation of the SS block time index. The channel model TDL-C with 100ns delay spread used for below 6GHz. The number of transmit and receive antennas are 1 and 2, respectively. For a fair comparison, the subcarriers for the 144 subcarriers have 3dB power boost to compare with the 288 subcarriers as shown as the blue curve in the figure. The simulation results show that 144 subcarriers with 3dB power boost has similar performance to 288 subcarriers.

[image: ]
[bookmark: _Ref492870048]Figure 1 Performance of PBCH when mapped to 144 or 288 subcarriers

Additionally, the PBCH DMRS carries the 3 LSB of the SS/PBCH block index. Reducing the number of subcarriers for 288 to 144 also reduces the available number of resource elements for PBCH DMRS from 144 to 72. Simulations of performance is shown in Figure 2. Also here, the assumption is that the PBCH is boosted by 3 dB to achieve the same coverage in both cases.
[image: ]
[bookmark: _Ref492869154]Figure 2 Performance of DMTRS detection for 144 and 288 subcarriers allocated to PBCH.
From the simulation results, from a performance perspective, reducing the PBCH bandwidth is feasible.
The alternative to making changes to the PBCH bandwidth, is to require the UE to search for multiple subcarrier spacing in the bands affected. RAN agreed to a band-dependent single numerology for the SS block to avoid the UE to search blindly for different numerologies in one band. If the bands where multiple numerologies are possible are very limited, the increased complexity at initial cell selection can be controlled, but if different SCS are allowed in a network, there is impact also in idle and connected modes if the UE need to search and do measurements for two subcarrier spacings. 
Based on the discussion above, we make the following proposal:
[bookmark: _Toc492955194][bookmark: _Toc492955469]To allow flexibility in bandwidth and subcarrier spacing used for the SS/PBCH block, the PBCH bandwidth is changed from 288 to 144 subcarriers
[bookmark: _Toc468450825]Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	To allow flexibility in bandwidth and subcarrier spacing used for the SS/PBCH block, the PBCH bandwidth is changed from 288 to 144 subcarriers
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