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1 Introduction
In R4-1807136, we have provided a good explanation on why the deployment flexibilities are needed for inter-band NR CA, in terms of defining the MRTD and MTTD requirements.  
In RAN4#87 meeting, the MRTD requirement for FR1-FR2 inter-band NR CA combinations are not defined. 
In RAN4#87 meeting, a concern was raised for FR1-FR2 inter-band NR CA regarding the HARQ buffer size due to MRTD. In this contribution, we provide our understanding related to MRTD requirements for inter-band FR1-FR2 NR CA. 
2 Deployment considerations for FR1-FR2 inter-band NR CA
In NR, it’s expected that, different SCS may be used in carriers that are aggregated in CA manner. This will allow carrier aggregation between low band and high band, and even between FR1 and FR2.

One main reason for CA deployment is to provide high capacity, low latency and high user throughput in hotspot areas with a high service demand through a high band with robust contiguous C-plane coverage using lower band NR. The low band cell is intended for C-plane coverage and carrier of data when not able to transfer data on the high band. This is illustrated in the figure below. In the figure, we only show mmWave NR cell, however the same deployment is also used for NR cells in FR1, such as smaller NR cells in the high band of FR1. 
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Figure 1 Wanted FR1-FR2 inter-band NR CA deployments without strict MRTD requirements

The CA deployment will consist of large cell operating on low band NR and smaller cell on higher NR band. The low band cell is intended for C-plane coverage while high band NR cell (e.g. mmWave cell or 3.5GHz cell) is with its expected higher bandwidth intended for capacity and throughput boost within its service area. There could be large physical distances between the base stations. This means that there can be a large receive timing difference between the low band cell and a high band cell. The MTRD (and MTTD) must therefore be sufficiently large not to restrict the deployment of NR base stations, if it is too strict, it would limit the deployments of CA between high band cells (e.g. mmWave cells) and low band NR cells to be co-located at the same site. This is of course a significant restriction in NR that does not exist in LTE.
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Figure 2 Deployment restriction caused by strict inter-band FR1-FR2 NR CA MRTD

One of the prime importance is to maintain this deployment flexibility such that optimum benefits out of CA deployments can be obtained by the operators and end users.
So, in our opinion, strict CA MRTD requirements in NR will limit deployments to where the high band cell can be deployed rather than where these cells actually may be needed, which will cause a significant restriction in NR for operators and end users.

Observation- 1: For inter-band FR1-FR2 NR CA, MRTD requirement should allow flexible CA deployment which is especially important in heterogenous architectures.
3 UE HARQ buffer size in FR1-FR2 inter-band NR CA scenario 
3.1 UE Receive buffer
We consider a scenario when DL CA UE HARQ-ACK/NAK is sent at FR1 low band (i.e. assuming no FR2 UL). The diagram below in Figure 3 shows the transmissions between nodes regarding the ACK/NACK procedure.
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Figure 3 ACK/NACK tranbsmissions and retransmissions procedures
For soft combining and mmWave cell DL reception errors, the UE sends a NACK on FR1 cell at the network configured UL resource. Retransmission occurs at mmWave cell (with shorter TTI) once FR2 BS is informed by FR1 BS on the NACK from FR2 reception at the UE.
According to our understanding: the reason for larger UE receive buffer should be due to:
FR1 is based on longer TTI (i.e. smaller SCS) and thereby longer time between uplink occasions (TFR1 UL_Cycle ), thus the time needed for NACK to reach FR1 cell could be longer. In addition to this, BS processing times and inter BS communications also adds up to the total delay. Also the UE processing time is important: In a mixed numerology scenario including 15 kHz, the UE needs 13 of 15 kHz symbols to decode PDSCH and prepare ACK/NACK, which is ~900us. 

 As it is evident that, ~33us of MRTD is only a small fraction of total delay in retransmission of any DL slot. 
The data storage is a pure consequence of the higher capacity at the mmWave cell (with larger BW, etc), increased HARQ turnaround times at the FR1 cell and dependent likelihood of NACK (mmWave cell DL quality). 
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Figure 4 FR1-FR2 cell transmission relationships
As seen in Figure 4, the total time between a NACK in FR2 and retransmission of this DL slot from FR2 BS to the UE will be: TTOT= TFR1 UL_Cycle + TFR1 NAK + TBS FR1(FR2 + TFR2 Retransmit. If we denote P(NACK) as probability of NACK, amount of data to be stored will be: UE DL throughput * TTOT*P(NACK).

According to the diagram above in Figure 4, UE sends ACK/NACK on all previous received data from last ACK/NACK occasion, including TA applied on UL ~30us (larger cells likely have larger GP). Due to required UE processing time, not all FR2 DL data can be ACK/NACK-ed at this occasion. However, note that, ~30us here is just a small portion of total delay considering in the HARQ processing. Whether this small portion actually adds anything at all to already required storage also depends on, e.g. 
1. DL data to this particular UE scheduled on this particular DL slot 
2. Link error on this part, i.e. prob(NACK)
Based on the above discussions, the MRTD delay of ~33us should be a very small and minor fraction of total HARQ turnaround time, as described in this equation: TTOT= TFR1 UL_Cycle + TFR1 NAK + TBS FR1(FR2 + TFR2 Retransmit
To conclude the MRTD of ~33us should not have any significant impact on UE HARQ storage, other parts are more dimensioning. 
Observation-2: An additional MRTD of ~33us should not have any significant impact on the UE HARQ storage, since other timing delay related portions are more significant.  
In addition to the above, also note that, the PUCCH resource does not necessarily need to be scheduled on first symbol of any UL slot. The network can configure the second UL symbol as the start of a PUCCH resource. When longer MRTD is applied (e.g. in case of 9km relative distance), then the network can configure the second UL symbol of the UL slot as PUCCH start symbol, it would compensate for the larger MRTD/MTTD If e.g. a max RF distance of 9km is used (the MTTD discussed is less than half of a 15kHz symbol).. 

Observation-3: PUCCH is configured per UE. gNB could have different PUCCH configurations depending on UE location, or for simplicity use the same PUCCH (starting in symbol 1) for all UEs. Configuring UE-specific PUCCH location would compensate for the larger MRTD/MTTD IF e.g. a max RF distance of 9km is used (the MTTD discussed is less than half of a 15kHz symbol). 
3.2 UE transmit buffer 
Considering UL in FR1 only, this is not applicable. 
4 Conclusion
In this contribution, we discussed MRTD requirements and the severe impact of NR CA deployments that would be the results if scaling MRTD versus SCS.
Based on our understanding as explained in this paper, we observe the following: 

Observation- 1: For inter-band FR1-FR2 NR CA, MRTD requirement should allow flexible CA deployment which is especially important in heterogenous architectures.
Observation-2: An additional MRTD of ~33us should not have any significant impact on the UE HARQ storage, since other timing delay related portions are more significant. 
Observation-3: PUCCH is configured per UE. gNB could have different PUCCH configurations depending on UE location, or for simplicity use the same PUCCH (starting in symbol 1) for all UEs. Configuring UE-specific PUCCH location would compensate for the larger MRTD/MTTD IF e.g. a max RF distance of 9km is used (the MTTD discussed is less than half of a 15kHz symbol). 
Based on this, we propose to adopt the following: 
Proposal: For inter-band FR1-FR2 NR CA operation,
· the UE shall be capable of handling at least a relative receive timing difference (MRTD) between slot timing of different carriers to be aggregated at the UE receiver of 33µs for inter-band NR carrier aggregation between FR1 and FR2.
· the UE shall be capable of handling at least a relative transmit timing difference (MTTD) between slot timing of different carriers to be aggregated at the UE receiver of 35.21µs for inter-band NR carrier aggregation between FR1 and FR2.

Based on these proposals, we proposed a draft CR in [3].
5 References

[1] R4-1801784, “Rel-15 Discussion on MRTD requirements for NR CA”, Intel Corporation 
[2] R4-1802507, “MRTD and MTTD requirements for inter-band synchronous EN-DC”, Ericsson

[3] R4-1808970, “Draft CR for TS 38.133: MRTD and MTTD for CA”, Ericsson
[image: image1][image: image5.png]RF propagation 1us=300m mmWave cells within the low band cell
(( \ coverage to provide access to the mmWave

bands in hotspot areas with high traffic
demands and/or areas with insufficient
coverage

mmWave cell co-site

with FR1 low band
FR1 low band coverage cell



