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Introduction
At the latest RAN#99 meeting, the revised WID of Network energy savings for NR was approved [1]. The main objectives of RAN4 are as the following:
1. Specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells, if found feasible by RAN4 study, where a UE measures SSB transmitted on PCell or another SCell for an SCell’s time/frequency synchronization (including downlink AGC), and L1/L3 measurements, including potential enhancement on SCell activation procedures if necessary [RAN4, RAN2]
…
7. Specify the corresponding RRM/RF core requirements, if necessary, for the above features [RAN4]
In this contribution, we analyse the feasibility of SSB-less SCell operation for inter-band CA for FR1 and co-located cells, and give our proposals.
Discussion
In the phase of study item, some simulation results of BS energy saving gain with SSB-less operation were captured in TR 38.864 [2]. In the SSB-less operation process, there is no SSB transmission in some inter-band SCell(s). Synchronization is obtained from other cell with SSB transmission. Enabling inter-band SSB-less SCell operation may require a more stringent time alignment performance. SSB-less operation for intra-band contiguous CA is supported by current specification, but no conclusion for inter-band CA scenario of FR1 yet. One reason is that the TAE for intra-band contiguous CA should not exceed 260 ns, whereas for inter-band CA, the TAE should not exceed 3 µs as defined in TS 38.104 [3].

Observation 1: SSB-less operation for intra-band contiguous CA which TAE shall not exceed 260 ns, is supported by current specification.
Proposal 1: As the current specification supports SSB-less operation for intra-band contiguous CA, it can serve as a baseline for the feasibility studies of FR1 co-located inter-band CA with such capabilities.

In the case of intra-band contiguous CA, co-located，air propagation time difference between component carriers can be negligible, common or shared RF chain both in BS and UE could cause good timing delay alignment.
However, in the case of inter-band CA, some changes should be considered.
The intra-band continuous CA for BS TAE is not exceed 260 ns. Although the TS 38.104 defines that the TAE of inter-band CA is 3 μs, at least in some scenarios, the TAE of inter-band CA is much better than 3 μs, even can be less than 260 ns. We will give some examples.
Figure 1 shows a simplified BS transmitter diagram, from baseband to transmitter antenna. Since digital component delay in the chain can be calculated and compensated precisely, the time delay uncertainty mainly comes from analogue components, such as SERDES, ADC, transmitter filter. Although the time delay of analogue components can be compensated to a certain extent, due to the device performance variations in mass production, it is not easy to be compensated thoroughly.
[image: ]

Figure 1 Simplified BS transmitter diagram 
Generally, from the perspective of BS, inter-band CA can be implemented by the common transmitter, as shown in Figure 2(a）, or by the independent transmitters, as shown in Figure 2 (b).
[image: ]
Figure 2 Implementation Architecture of co-located BS CA (a) CA by the common transmitter; (b) CA by the independent transmitters
In the case (a), inter-band CA is implemented with the common transmitter, for example, a multi-band TX, which means that the majority of the components are shared by the component carriers. Therefore, the TAE could be controlled in the same way as intra-band contiguous carrier aggregation, ensuring it does not exceed 260ns.
Observation 2: For inter-band CA in FR1 implemented by a shared transmitter, the TAE can be within 260 ns the same as that of intra-band contiguous CA.
[bookmark: _GoBack]In the case (b), inter-band CA implemented with independent transmitters. It is assumed that the two independent transmitters are with rather different design, little common device is shared by the component carriers. The time delay uncertainty mainly comes from the different analogue components such as SERDES, ADC, transmitter filter. For co-located scenarios, at least for some combinations it is possible for two independent transmitters to have a delay deviation within 260 ns for practical implementation.
Observation 3: For inter-band CA in FR1 implemented by co-located but independent transmitters, at least for some combinations it is possible to have a delay deviation within 260 ns.
In the case of intra-band continuous CA, we know that since the carrier frequency is continuous, air propagation delay uncertainty between different carriers is negligible.
In certain combinations of CA bands, although inter-band CA is used, spectrum can be adjacent, and the inter-band span may be smaller than that in some single-band intra-band CA scenarios. For example, for CA_n8-n20（900M+800M）, CA_n8-n28 (900M+700M) , CA_n5-n14 (850M+700M), the frequency band spans are separately 169M, 202M, 136M.
While for Intra-band contiguous CA, take n77 as an example, CA_n77, the frequency span can be 200 MHz.
Therefore, it can be considered that the air interface propagation delay difference of co-located BSs can be ignored at least in some combinations.
Observation 4: Certain inter-band CA combinations may have a narrower frequency range than some intra-band contiguous CA combinations. The air propagation delay difference of co-located multiple cells in close proximity can be ignored at least in some scenarios. 

Based on the above observations, we propose that there are at least for certain inter-band CA combinations in the FR1 and co-located scenarios which can be similar in performance to the intra-band contiguous CA. Additionally, with careful calibration and optimized design, inter-band CA has the potential to support SSB-less operation in a wider range of cases.

Proposal 2: There are at least for certain inter-band CA combinations in the FR1 and co-located scenarios which can be similar in performance to the intra-band contiguous CA and hence can support SSB-less operation. 

Proposal 3: Although inter-band CA TAE practical implementation can be much better than current specification, there is no need to change inter-band CA TAE requirement.
Conclusions
In this contribution, we shared initial views on the BS RF feasibility to support the SSB-less SCell operation for inter-band CA for FR1 and co-located cells. Observations are made as following:
Observation 1: SSB-less operation for intra-band contiguous CA which TAE shall not exceed 260 ns, is supported by current specification.
Observation 2: For inter-band CA in FR1 implemented by a shared transmitter, the TAE can be within 260 ns the same as that of intra-band contiguous CA.
Observation 3: For inter-band CA in FR1 implemented by co-located but independent transmitters, at least for some combinations it is possible to have a delay deviation within 260 ns.
Observation 4: Certain inter-band CA combinations may have a narrower frequency range than some intra-band contiguous CA combinations. The air propagation delay difference of co-located multiple cells in close proximity can be ignored at least in some scenarios. 
Proposal 1: As the current specification supports SSB-less operation for intra-band contiguous CA, it can serve as a baseline for the feasibility studies of FR1 co-located inter-band CA with such capabilities. 
Proposal 2: There are at least for certain inter-band CA combinations in the FR1 and co-located scenarios which can be similar in performance to the intra-band contiguous CA and hence can support SSB-less operation.  
Proposal 3: Although inter-band CA TAE practical implementation can be much better than current specification, there is no need to change inter-band CA TAE requirement.
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