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1. Introduction

In the recent meeting the RAN2 WG identified that there is no explicit maximum MIMO layer RRC configuration and send LS to RAN1/RAN4 to clarify the whether such signalling is needed [1]:

	1. Overall Description:

In current L1 configuration, RAN2 observes that there is no explicit maximum MIMO layer configuration on per CC level signalled via RRC to the UE by the network. This is different from LTE, where maximum MIMO layer of a CC is explicitly signalled. It was discussed in RAN2 that the maximum MIMO layer configuration of a CC may be derived from existing IEs within the RRC configuration (possibly from BWP configuration), but RAN2 was not able to determine whether this is true or how such signalling can be used to be consistent with what is signalled in UE capabilities.

Hence, RAN2 would like feedback on RAN1 on how the UL and DL MIMO layers are supposed to be configured via RRC parameters. Specifically, RAN2 would like feedback for the examples below illustrating the problem from RAN2 viewpoint (with all examples are applicable to UL and DL).

Example 1: The need of MIMO layer configurations per CC

Assume a UE reports following capability for a BC.

Band A 1CC (CC0) + Band B 1CC (CC1) + Band C 1CC (CC2)

· Supported MIMO layers, set 1: 4 + 4+ 2
· Supported MIMO layers, set 2: 4 + 2 + 4

· Supported MIMO layers, set 3: 2 + 4+ 4

Hence, based on the UE capabilities, UE supports 4-layer MIMO on two of the carriers and 2-layer MIMO on one carrier. If network intends to use the following MIMO configuration for the UE, RAN2 is not sure whether there is a need for the UE to determine MIMO layer per serving cell in order to properly configure L1. And if there is a need, whether UE need to derive it from the RRC signalling from network (i.e. to indicate that for CC2, only 2-layer MIMO is used whereas for CC0/CC1, 4-layer MIMO is used).

· CC0: 4-layer MIMO 

· CC1: 4-layer MIMO 

· CC2: 2-layer MIMO

Example 2: The relation of MIMO capability and MIMO configuration per BWP

Assume the same UE capabilities as in previous example: Considering that UE capability is reported at per CC level, but the UE BWP configuration may change dynamically, the following configuration is a valid RRC configuration from UE capability viewpoint, even though using BWP1 on all of CC0, CC1 and CC2 is not allowed at the same time: 

· CC0: BWP1 with 4-layer MIMO, BWP2 with 2-layer MIMO

· CC1: BWP1 with 4-layer MIMO, BWP2 with 2-layer MIMO 

· CC2: BWP1 with 4-layer MIMO, BWP2 with 2-layer MIMO

In this case, it is considered that it would be the network responsibility to limit the applicable BWPs in a way that UE capabilities are not exceeded, but it is not clear if there would be some additional restrictions.

Example 3: The relation of MIMO capability and CSI report configuration

Assume the same UE capabilities as for the previous examples: It was discussed in RAN2 that it’s not clear whether UE would support feedback for larger number of MIMO layers than it can use at any given time, and whether such a configuration should be allowed for the network. This would mean that network would configure UE with 4+4+4 MIMO layers for CSI reporting, but still ensure that at any given point of time, UE always uses one CC with only 2 MIMO layers to avoid exceeding UE capabilities. This would allow network to “dynamically” configure the number of MIMO layers depending on CSI report, but RAN2 is not certain this is a feasible configuration from UE viewpoint.

Finally, RAN2 would also note that it is possible (If necessary) to add new RRC parameters to resolve the issues explained.

2. Actions:

To RAN1

Q1:
Is the NW meant to configure the maximum number of MIMO layers (for PUSCH and PDSCH) by means of RRC signalling so UE can determine the maximum number MIMO layers per serving cell (as it was the case in LTE)?

Q2:
If the answer to Q1 is “yes”, does such parameter exist, i.e., is the UE meant to derive the maximum number MIMO layers per serving cell from existing parameters?
Q3:
If the answer to Q2 is “no”, should a new parameter be added per serving cell or per BWP? RAN2 could add a parameter if RAN1 considers it necessary. From RAN2 perspective, per serving cell is preferred due to simplicity at this late stage in Rel-15.

Q4:
If R1 only sees the need of MIMO configuration per BWP, i.e. no MIMO configuration per CC, is the NW allowed to configure MIMO layers in BWP so that only certain combinations of BWPs in different serving cells are within the UE’s MIMO capabilities? In other words, may the NW reallocate MIMO layers to another serving cell by switching BWPs in those serving cells?
Q5:
The UE indicates the number of supported MIMO layers for DL in its UE capabilities. Do those capabilities also limit the configuration of CSI report?

To RAN4

Q6:
Does RAN4 see the need for configuring by RRC signalling the maximum number of MIMO layers (for PUSCH and PDSCH) per serving cell from RAN4 specification point of view?

Q7:
Is there any concern if the other WG sees the necessity to add new signalling for maximum number of MIMO layers per CC (if not supported by the current RRC)?

Q8:
On Example 2 and 3, is there any concern from RF tuning point of view?


In this contribution we provide our views on the questions raised in the RAN2 LS.
2. MIMO layer signalling
In accordance to the current NR UE capabilities signalling design, UE can inform gNB on the maximum number of supported DL/UL MIMO layers per CC for each CA band combination. Such flexible signalling allows UE to efficiently resolve possible constraints in terms of RF, CA and BB processing constraints as described in [2]. 
Observation #1: UE can support different number of MIMO layers for different CCs in CA.
In order to provide sufficient flexibility to the gNB, UE may signal multiple different sets of UE capabilities with different number of MIMO layers per CC. For example, if UE can handle up to 6 MIMO layers in total, then for the case of 2 CC CA, it can signal several possible sets of capabilities such as 2 + 2. 4 + 2 or 2 + 4 MIMO layers per CC. The support of multiple sets of capabilities is required to allow better network implementation flexibility and allow gNB to select the particular capability.
Observation #2: UE can signal multiple sets of UE capabilities with different combinations of DL/UL MIMO layers per CC.
From the UE implementation perspective, MIMO layer configuration has impact on the HW (RF/BB) settings and UE needs to get information from the gNB on the exact parameters used on the particular CC. Therefore, it is expected that the gNB shall inform UE on the respective parameters to be used in advance. The UE RF and BB MIMO reconfiguration cannot be performed dynamically, and, therefore, a semi-static information on the MIMO layer configuration shall be provided.
Observation #3: UE MIMO layer RF/BB parameters cannot be reconfigured dynamically and gNB should provide semi-static RRC configuration of the MIMO layers. 

The corresponding RRC parameters can be provided with either per-CC or per-BWP granularity. If the parameters are configured in a per-BWP manner, UE may be required to reconfigure RF/BB accordingly during the BWP switch. Current BWP switching time does not assume such reconfiguration and further detailed studies may be needed on the feasible BWP switching duration in case MIMO layer change is involved. So, per-CC RRC signalling shall be used.

Observation #4: Per BWP RRC signalling would require extension of the BWP switching time delay.
Rather similar UE capability signalling framework is supported for LTE and in LTE the maximum MIMO layers of a CC is explicitly signalled be the eNB to the UE. Same time, in accordance to the recent RAN2 discussion current NR RRC signalling may not include explicit indication maximum MIMO layer configuration on per CC level signalled to the UE by the network. In accordance to our understanding the current RRC signalling does not include exact information on the number of DL MIMO layers to be used by the network. The RRC signalling includes “maxNrofCodeWordsScheduledByDCI” field which implicitly allows differentiation of cases with more than 4 layers. However, there is no mechanism to inform UE whether particular carrier supports 2 or 4 MIMO layers. 

Observation #5: RRC signalling does not include information on the number of DL MIMO layers to be used by the network

Proposal #1: Recommend RAN2 to introduce per-CC DL/UL MIMO layer RRC signalling 
3. Views on RAN2 examples

3.1 Example 1: The need of MIMO layer configurations per CC
	Example 1: The need of MIMO layer configurations per CC

Assume a UE reports following capability for a BC.

Band A 1CC (CC0) + Band B 1CC (CC1) + Band C 1CC (CC2)

· Supported MIMO layers, set 1: 4 + 4+ 2
· Supported MIMO layers, set 2: 4 + 2 + 4

· Supported MIMO layers, set 3: 2 + 4+ 4

Hence, based on the UE capabilities, UE supports 4-layer MIMO on two of the carriers and 2-layer MIMO on one carrier. If network intends to use the following MIMO configuration for the UE, RAN2 is not sure whether there is a need for the UE to determine MIMO layer per serving cell in order to properly configure L1. And if there is a need, whether UE need to derive it from the RRC signalling from network (i.e. to indicate that for CC2, only 2-layer MIMO is used whereas for CC0/CC1, 4-layer MIMO is used).

· CC0: 4-layer MIMO 

· CC1: 4-layer MIMO 

· CC2: 2-layer MIMO


In this example UE indicates 3 possible MIMO layer capabilities with total 10 MIMO layers support spread over 3 different CCs. Such MIMO layer limitations typically come from either BB processing constraints or due to the RF CA constraints in terms of number of supported RF chains. In order to properly configure the RF/BB blocks, UE requires information from the gNB on which exactly configuration will be used by the network. As mentioned above, the respective parameters cannot be dynamically reconfigured and, hence, the information shall be provided in a semi-static manner. In case the signalling is not provided to the UE, then there could be some ambiguity between the gNB and UE on the expected MIMO layer configuration. To resolve the ambiguity UE will be forced to avoid signalling of multiple UE capabilities or reduce the peak data rate.
Observation #6: For Example 1, UE needs to obtain information on the MIMO layers per serving cell in order to properly configure RF/BB in a semi-static manner and avoid misalignment between UE and gNB.
3.2 Example 2: The relation of MIMO capability and MIMO configuration per BWP
	Example 2: The relation of MIMO capability and MIMO configuration per BWP

Assume the same UE capabilities as in previous example: Considering that UE capability is reported at per CC level, but the UE BWP configuration may change dynamically, the following configuration is a valid RRC configuration from UE capability viewpoint, even though using BWP1 on all of CC0, CC1 and CC2 is not allowed at the same time: 

· CC0: BWP1 with 4-layer MIMO, BWP2 with 2-layer MIMO

· CC1: BWP1 with 4-layer MIMO, BWP2 with 2-layer MIMO 

· CC2: BWP1 with 4-layer MIMO, BWP2 with 2-layer MIMO

In this case, it is considered that it would be the network responsibility to limit the applicable BWPs in a way that UE capabilities are not exceeded, but it is not clear if there would be some additional restrictions


In accordance to the Example 2 the number of MIMO layers is expected to be RRC configured on a per-BWP basis. Therefore, UE will be required to perform DL/UL MIMO layer UE RF and BB reconfiguration during the BWP switch. Current BWP switching delay requirements do not take into account the MIMO layer reconfiguration into account. In case the BWP reconfiguration will include MIMO layer change, further detailed studies may be needed on the feasible BWP switching duration. 
Observation #7: To support Example 2, the existing BWP switching time requirements shall be modified to take into account DL/UL MIMO layer UE RF and BB reconfiguration during the BWP switch.
3.3 Example 3: The relation of MIMO capability and CSI report configuration
	Example 3: The relation of MIMO capability and CSI report configuration

Assume the same UE capabilities as for the previous examples: It was discussed in RAN2 that it’s not clear whether UE would support feedback for larger number of MIMO layers than it can use at any given time, and whether such a configuration should be allowed for the network. This would mean that network would configure UE with 4+4+4 MIMO layers for CSI reporting, but still ensure that at any given point of time, UE always uses one CC with only 2 MIMO layers to avoid exceeding UE capabilities. This would allow network to “dynamically” configure the number of MIMO layers depending on CSI report, but RAN2 is not certain this is a feasible configuration from UE viewpoint.


Support of Example 3 operation will require UE to support dynamic reconfiguration of DL and UL MIMO layer capabilities which is not feasible from the RF and BB perspectives. Support of the feedback for larger number of MIMO layers than it signals as a part of UE capabilities signalling is not possible since UE obviously may not have sufficient RF/BB resources for the corresponding CSI calculation. Therefore, the network shall not configure UE with 4+4+4 MIMO layers for CSI reporting in Example 3.
Observation #8: Support of Example 3 with “4+4+4 MIMO layers for CSI reporting” is not possible from UE perspective and will result in exceeding UE capabilities.
4. Conclusions

In this contribution we provide our views on the questions raised in the RAN2 LS [1] on the MIMO layer signalling. In summary, we make the following proposals and observations. The proposed draft LS reply is provided in [3].
Observation #1: UE can support different number of MIMO layers for different CCs in CA.

Observation #2: UE can signal multiple sets of UE capabilities with different combinations of DL/UL MIMO layers per CC.

Observation #3: UE MIMO layer RF/BB parameters cannot be reconfigured dynamically and gNB should provide semi-static RRC configuration of the MIMO layers. 

Observation #4: Per BWP RRC signalling would require extension of the BWP switching time delay.

Observation #5: RRC signalling does not include information on the number of DL MIMO layers to be used by the network

Observation #6: For Example 1, UE needs to obtain information on the MIMO layers per serving cell in order to properly configure RF/BB in a semi-static manner and avoid misalignment between UE and gNB.

Observation #7: To support Example 2, the existing BWP switching time requirements shall be modified to take into account DL/UL MIMO layer UE RF and BB reconfiguration during the BWP switch.

Observation #8: Support of Example 3 with “4+4+4 MIMO layers for CSI reporting” is not possible from UE perspective and will result in exceeding UE capabilities.

Proposal #1: Recommend RAN2 to introduce per-CC DL/UL MIMO layer RRC signalling 

References

[1] R2-1816065 “LS on MIMO layer configuration”, RAN2, RAN2 #103bis, October 2018

[2] R4-1712318 “Discussion on EN-DC NR/LTE and NR SA MIMO layers UE capabilities signalling”, Intel Corporation, RAN4 #85, November 2017
[3] R4-1814550
 “Draft LS reply on NR MIMO layer configuration” Intel Corporation, RAN4 #89, November 2018

PAGE  
1/5

