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1. Introduction 
There have been extensive discussions on intra-band non-collocated CA/EN-DC in the past meetings. All the agreements have been captured in [1-5]. In this contribution we focus on the feasibility study for type 3a/3b UE for 4 MIMO layers, from a demodulation performance perspective. Here, we propose to use a dynamic scheduling of PDSCH depending on the receive timing difference (RTD) between the two component carriers (CC) in question.
Since in previous RAN4 meetings the feasibility of Type 3a/3b UEs has been extensively discussed, no consensus has been reached yet. For example, one avenue is to continue exploring whether there is room to tighten the network synchronization requirement below the current value of 3us. There’s still a view that there is no room for this. The 3GPP has defined a maximum receive timing difference (MRTD) as a maximum relative receive timing difference. The MRTD consists of a base-station relative time alignment error (TAE) and an RF propagation delay difference (ΔTprop). That is, MRTD = TAE + ΔTprop. So far, the requirement remains that the network and Type 3a/3b UE should operate only within TAE = 3us.
As previously discussed, due to shared LNA architecture between CC1 and CC2 for type 3a/b UE, any analog gain change will create a phase jump effect on one of the CCs, affecting one of its OFDM symbols. The severity of the phase jump effect is proportional to the RTD between the two CCs, and which CCs is affected depends on the LNA analog gain adjustment and the relative timing difference between CCs.
Observation 1: For Type 3a/3b, the severity of the phase jump effect is proportional to the RTD between the two CCs in the shared LNA architecture.
Observation 2: Which CCs gets affected due to the phase jump effect will depend on 1) to which CC the LNA analog gain adjustment is aligned to, and 2) the relative timing difference between CCs.
The first-priority agreement would be that MRTD between 2CCs is limited to be within the cyclic prefix (CP). However, if this is not agreeable, we want to propose to explicitly allow for degradations on certain OFDM symbols, which are dependent on the specific relative timing difference between CCs.
Proposal 1: Type 3a/3b should only operate when the RTD between two CCs is guaranteed to be within CP, i.e., MRTD < CP.
Proposal 2: If Type 3a/3b are expected to operate in the CP < MRTD < X us regime, then permission for degradation of affected OFDM symbols should be explicitly allowed.
Even allowing performance degradation, another problem is that it’s quite hard to exactly evaluate to what extent the performance will be impacted. This, since AGC adjustment is highly implementation dependent and vary from company to company. One issue is that if the performance degradation cannot be aligned between companies due different AGC implementations, it would be quite hard to align on minimum performance requirements. Hence, in this proposal, we take the opposite approach. Instead of focusing on characterizing the performance degradation, we propose to simply avoid scheduling PDSCH on phase jump corrupted OFDM symbols.
Observation 3: It might be quite difficult to align performance between companies due to different AGC concepts and implementations, hence, it would be hard to align on minimum performance requirements.
Proposal 3: Instead of focusing on characterizing phase jump based performance degradation, focus on scheduling that avoids the degraded OFDM symbols due to high RTD and shared LNA so all companies can use the same baseline for minimum performance requirements.
As proposed before, we also find useful for a UE to measure the RTD between the two CCs and introduce RTD reporting with reasonable periodicity. In this way, the network can schedule DCI to the CC if RTD < X us, where X is a threshold to be determined, likely quite smaller than OFDM symbol time. The mechanism is discussed in what follows.
2. Discussion
In this contribution we focus on the feasibility study for type 3a/3b UE for 4 MIMO layers, from a demodulation performance perspective. Here, we propose to use a dynamic scheduling of PDSCH depending on the receive timing difference (RTD) between the two component carriers (CC) in question.
Relative RTD and Affected OFDM Symbols
The CC and the ODFM symbols within that CC that get affected by the phase jump effect when significant RTD takes place is given by the relative RTD from the CC where the shared LNA is locked/align to. Let’s assume the case show below, we call “Point A” the time when the shared LNA is triggered, and the analog gain is updated. This corresponds to the beginning of the slot of CC1. If CC2 is ahead of CC1, then the phase jump will affect the first OFDM symbol sym0 of CC2. On the contrary, if CC2 is delayed from CC1, then the phase jump will affect the last OFDM symbol sym13 of CC2. From now on, the carrier where OFDM symbols get degraded will be named “victim carrier”, while the other carrier will be named “protected carrier”.
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Observation 4: Knowing how LNA gain is applied to one of the CCs, measuring RTD between the two carriers gives an unequivocal indication of which OFDM symbol is affected, sym0 or sym13.

PDSCH/PDCCH Scheduling
If degradation into the first OFDM symbol sym0 OR last OFDM symbol sym13 is allowed, then a dynamic PDSCH scheduling can be used to avoid these degraded OFDM symbols
· Case 1: If RTD < CP < X us, schedule PDSCH using full sym0-sym13 range
· Case 2: If CP< RTD < X us, schedule PDSCH using sym1-sym13 range OR sym0-sym12 range in the victim carrier depending on relative RTD
· If RTD > X us, do not schedule PDSCH at all on the victim carrier
Proposal 4: For CP < MRTD < X, network must schedule PDSCH avoiding affected OFDM symbol, either sym0 or sym13, based on RTD measurements.
Proposal 5: For CP < MRTD < X, network must configure PDCCH and CSI-RS / TRS away from both possible affected OFDM symbols, sym0 AND sym13.
For an example of these possible configuration, see the figures below:
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Protected Carrier
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Description automatically generated]CC2 
Victim Carrier sym0
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Description automatically generated]CC2 
Victim Carrier sym13

Shared LNA Carrier Alignment Policies
In what is stated above, we mention, generically, that there are two classes of CCs, a protected carrier and a victim carrier for purposes of Intra-band Non-colocated NR CA.
Here, we argue about two open aspects of this proposal [FFS]:
1. The criteria to determine the carrier that gets the protected status, i.e., LNA Analog Gain updates to the beginning of its slots -- “Point A”
· Signal driven decision:
· Based on RSRP, RSRQ or other signal-based metric
· Focused on maximising average aggregate throughput
· Logical decision: PCell vs Scell
· Always align to PCell
· Focused on protect signalling in PCell

2. Whether the decision of which carrier to protect is made by the UE, and informs of this to the network; Or it’s the network who uses RTD measurements and informs the UE on which carrier to protect and also schedules PDSCH range acorddingly. 

38.101-4 Performance Requirements 
As mentioned before, even allowing a blanket performance degradation for an hypothetical CP< RTD < X us use case, the performance may also vary widely due to different ACG implementations and assumptions on gain/phase modeling. Hence, we believe it is important to exclude the affected OFDM symbols from minimum performance test cases.
Proposal6: Use PDSCH dynamic range scheduling based on RTD measurements if CP< RTD < X us is a required use case for determining 38.101-4 minimum performance requirements.
3. Conclusion
In this contribution we provide a series of small modifications to the legacy SSB for 5 MHz or greater channels. With these modification, legacy UE can be helped in order to not converge to new sub-5MHz channels, hence mitigating the perception that coexistence of these two types of channels in a given band can produce a degradation to initial access KPIs.
Our observations and proposals about a new finer synchronization raster in dedicated spectrum less than 5MHz for FR1 are given below:

Observation 1: For Type 3a/3b, the severity of the phase jump effect is proportional to the RTD between the two CCs in the shared LNA architecture.
Observation 2: Which CCs gets affected due to the phase jump effect will depend on 1) to which CC the LNA analog gain adjustment is aligned to, and 2) the relative timing difference between CCs.
Proposal 1: Type 3a/3b should only operate when the RTD between two CCs is guaranteed to be within CP, i.e., MRTD < CP.
Proposal 2: If Type 3a/3b are expected to operate in the CP < MRTD < X us regime, then permission for degradation of affected OFDM symbols should be explicitly allowed.
Observation 3: It might be quite difficult to align performance between companies due to different AGC concepts and implementations, hence, it would be hard to align on minimum performance requirements.
Proposal 3: Instead of focusing on characterizing phase jump based performance degradation, focus on scheduling that avoids the degraded OFDM symbols due to high RTD and shared LNA so all companies can use the same baseline for minimum performance requirements.
Observation 4: Knowing how LNA gain is applied to one of the CCs, measuring RTD between the two carriers gives an unequivocal indication of which OFDM symbol is affected, sym0 or sym13.
Proposal 4: For CP < MRTD < X, network must schedule PDSCH avoiding affected OFDM symbol, either sym0 or sym13, based on RTD measurements.
Proposal 5: For CP < MRTD < X, network must configure PDCCH and CSI-RS / TRS away from both possible affected OFDM symbols, sym0 AND sym13.
Proposal6: Use PDSCH dynamic range scheduling based on RTD measurements if CP< RTD < X us is a required use case for determining 38.101-4 minimum performance requirements.
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