3GPP TSG-RAN WG4 Meeting # 96-e      
R4-2010102
Electronic Meeting, 17-28 Aug., 2020
Agenda Item:
7.16.1.4

Source: 
CMCC

Title: 


 Discussion on FR1 CA and EN-DC power imbalance requirements
Document for:
Discussion
1. Introduction
In RAN4#95-e meeting, UE power imbalance requirements for FR1 CA and EN-DC were discussed and a way forward was agreed in [1]. In this contribution, we further discuss the remaining open issues of FR1 CA and EN-DC power imbalance requirements.
2. Discussion
2.1. FR1 intra-band contiguous CA
Issue 1: How to define the Channel bandwidth combination for performance requirements
Agreement in RAN4#95-e meeting:

· Channel bandwidth combination for defining performance requirements
· Option 2: Define requirements for 5+5 MHz bandwidth for FDD+FDD CA, 10+10 MHz bandwidth for TDD+TDD CA, with the following test applicability 
· Option 2a 
· The test is done for any one of the supported bandwidth combination, by using performance requirement for 5+5 MHz FDD+FDD CA or 10+10 MHz TDD+TDD CA. 
· The tested PRBs shall be placed in the lowest part for the CC with lower carrier frequency, and placed in the highest part for the CC with higher carrier frequency. 
· Option 2b 
· The test is done for any one of the supported bandwidth combination, by using performance requirement for 5+5 MHz FDD+FDD CA or 10+10 MHz TDD+TDD CA. 
· The tested PRBs shall be placed in the highest part for the CC with lower carrier frequency, and placed in the lowest part for the CC with higher carrier frequency. 
· Select the CA combination with largest bandwidth, and select the CA configuration with the same BWs in each carrier for power imbalance test 
· If there is no supported CA configuration with the same BWs, additional power imbalance test can be considered if necessary. 
· Note that from 38.101-1, we can observe that most of the CA combinations have the configuration with same BWs, except CA_n71B and CA_n78B. 
· Option 3: Define generic methodology for selection of CBW combination among all CBW combinations in supported CA configurations
· RAN4 uses option 3 if it is feasible to define bandwidth agnostic requirements for option 3.
According to the existing simulation results in [2] and [3], the simulation results for 15kHz shows that the performance gap among all CBW combinations is up to 1.4dB, and simulation results for 30kHz shows that the performance gap among all CBW combinations is up to 1.5dB. Defining bandwidth agnostic requirements seems possible. Therefore, on the issue of channel bandwidth combination for defining performance requirements, we support Option 3 instead of defining requirements only for 5+5 MHz FDD CA and 10+10 MHz bandwidth for TDD CA. 
Proposal 1 : Define generic methodology for selection of CBW combination among all CBW combinations in supported CA configurations.
Issue 2: How to define the Channel bandwidth combination for testing
Agreement in RAN4#95-e meeting:

· Channel bandwidth combination for testing 
· As baseline, use the following approach 
· Step 1: First select the CBW combinations with the same BWs in each carrier 
· If there is no such CBW combination, select the CBW combinations with smallest CBW difference between the two carriers, and the carrier with [larger or smaller] CBW will be used for test. 
· Step 2: Among the CBW combinations selected from step 1, select the CA combination with largest aggregated CBW
· Following topic will be discussed further
· In step 1, if there is no CBW combinations with the same BWs in each carrier, whether the carrier with larger or smaller CBW will be used for test? 
Issue 3: PDSCH RB allocation
Agreement in RAN4#95-e meeting:
· To be decided after the channel bandwidth combination is agreed
In our opinion, the issue#2 and issue#3 should be considered jointly. 
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In the case of the BWs in each carrier is same in the CBW combinations, the UE LO locates in the middle of CBW combination. As shown in Figure 1, allocating all PDSCH RBs of both CCs is the simplest and generic way.
Figure 1: Image interference of test RBs in case of same BWs in each CC
In the case of the BWs in each carrier is different in the CBW combinations, there are at least four alternatives considering the PDSCH RB allocation and tested carriers:
Alt 1: the carrier with smaller CBW will be used for test and all PDSCH RBs of both CCs are allocated.

Alt 2: the carrier with smaller CBW will be used for test and part of PDSCH RBs of CC with smaller CBW are allocated.

Alt 3: the carrier with larger CBW will be used for test and all PDSCH RBs of both CCs are allocated.

Alt 4: the carrier with larger CBW will be used for test and part of PDSCH RBs of CC with larger CBW are allocated.

According to different LO locations, Alt 1 corresponds to two different scenarios as shown in Figure 2.
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 Figure 2: Image interference of test RBs for Alt 1
From Figure 2 we can observe that the image interference generated by CC with larger CBW can cover all tested RBs, and Alt 1 is transparent to LO location.
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Figure 3 shows two scenarios of Alt 2 with different LO locations. The image interference generated by CC with larger CBW can cover all tested RBs, and Alt 2 is also transparent to LO location. However, comparing to Alt 1, Alt 2 only test part of PDSCH RBs (e.g. initial BWP as discussed in [4]). In our view, since there is no BWP configuration in CA power imbalance test, there is no need to restrict the RB allocations. So, Alt 1 is preferred compared to Alt 2.
Figure 3: Image interference of test RBs for Alt 2
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Figure 4 is two scenarios of Alt 3 with different LO locations. The image interference on test RBs is depending on the location of RB. For example, on the left of figure 4, the image interference only appears on the PRBs allocated closed to LO; on the right, the image interference from another CCs will be observed on PRBs allocated closed to left edge of CC with larger bandwidth. The different interference level on test RBs will affect the test results. Based on above analysis, Alt 3 is excluded from our consideration.
Figure 4: Image interference of test RBs for Alt 3
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Figure 5 shows two scenarios of Alt 4 with different LO locations. In order to guarantee that the image interference on test RBs can be observed, the test RBs on CC with larger CBW and RBs on CC with smaller CBW should keep symmetrical with respect to LO location. The result of this limitation is Alt 4 will be non-transparent to LO location, so it is unfeasible to define a generic methodology following the assumption of Alt 4.
Figure 5: Image interference of test RBs for Alt 4

According to above comparisons and analysis, we support Alt 1.
Proposal 2: If there is no CBW combinations with the same BWs in each carrier, the carrier with smaller CBW will be used for test.
Proposal 3: All PDSCH RBs of both CCs are allocated.
2.2. Intra-band contiguous EN-DC
SCS
Agreement in RAN4#95-e meeting:
· FDD: 15kHz

· TDD:

· Option 1: 30kHz

· Option 2: 15kHz and 30kHz

· Test #2a: LTE TDD + NR TDD 15 kHz, in case UE supports it, otherwise LTE TDD + NR TDD 30 kHz

· Test #2b: LTE TDD + NR TDD 30 kHz, in case UE supports it, otherwise LTE TDD + NR TDD 15 kHz
For TDD, since NR spectrum (e.g. band n41) has relative larger bandwidth, it is more suitable to use 30KHz SCS for NR TDD and the LTE TDD + NR TDD 30 kHz case is more common. So we prefer Test #2b.

Proposal 4: We prefer to use Test #2b: LTE TDD + NR TDD 30 kHz, in case UE supports it, otherwise LTE TDD + NR TDD 15 kHz.
TDD pattern

Agreement in RAN4#95-e meeting:
· TDD pattern for 15kHz SCS (if needed) 
· Option 1: DSU+DD
· Other options are not precluded. 
For intra-band contiguous EN-DC, the NR UL/DL configuration should be aligned with LTE in order to avoid the interference. The LTE TDD configuration DSUDD is widely used in LTE deployment. If TDD pattern for 15kHz SCS is needed, we support to use Option 1. 
Proposal 5: We support to use Option1: TDD pattern DSU+DD for 15kHz SCS (if needed).
2.3. Intra-band non-contiguous EN-DC
Test applicability rules

Agreement in RAN4#95-e meeting:
· Test applicability rules
· Option 1
· UE supports only intra-band contiguous EN-DC, i,e., if UE does not indicate “intraBandENDC-Support”, 
· power imbalance requirement for intra-band contiguous EN-DC is applied 
· UE supports only intra-band non-contiguous EN-DC, i.e., if UE indicates “non-contiguous” in “intraBandENDC-Support” or UE does not indicate “interBandContiguousMRDC”, 
· power imbalance requirement for intra-band non-contiguous EN-DC is applied 
· UE supports both intra-band contiguous and non-contiguous EN-DC, i.e., if UE indicates “both”in “intraBandENDC-Support” or UE indicates “interBandContiguousMRDC”, 
· power imbalance requirement for FR1 intra-band contiguous EN-DC
· Option 2 
· UE supports only intra-band contiguous EN-DC, i,e., if UE does not indicate “intraBandENDC-Support”, 
· power imbalance requirement for intra-band contiguous EN-DC is applied
· UE supports only intra-band non-contiguous EN-DC, i.e., if UE indicates “non-contiguous” in “intraBandENDC-Support” 
· power imbalance requirement for intra-band non-contiguous EN-DC is applied 
· UE supports both intra-band contiguous and non-contiguous EN-DC, i.e., if UE indicates “both” in “intraBandENDC-Support”
· power imbalance requirement for FR1 intra-band contiguous EN-DC
· Other options are not precluded.
The difference between option 1 and option 2 is whether to consider the support of “interBandContiguousMRDC”. Since the objective is to define intra-band non-contiguous EN-DC power imbalance requirement, it might be enough to only consider “intraBandENDC-Support”. Whether “interBandContiguousMRDC” is considered can be further discussed based on more input of the potential deployment scenarios.
Proposal 6: Option2 is slightly preferred, and whether to consider “ interBandContiguousMRDC” can be discussed based on further input:
· UE supports only intra-band contiguous EN-DC, i,e., if UE does not indicate “intraBandENDC-Support”, 
· power imbalance requirement for intra-band contiguous EN-DC is applied
· UE supports only intra-band non-contiguous EN-DC, i.e., if UE indicates “non-contiguous” in “intraBandENDC-Support” 
· power imbalance requirement for intra-band non-contiguous EN-DC is applied 
· UE supports both intra-band contiguous and non-contiguous EN-DC, i.e., if UE indicates “both” in “intraBandENDC-Support”

· power imbalance requirement for FR1 intra-band contiguous EN-DC
Test design
For test design in intra-band non-contiguous EN-DC, there will be frequency gap between LTE and NR carrier, and the gap size depends on the deployment scenario. Thus, in this issue, the LO location should be considered first. The typical way is to put the LO in the middle of CBW combination, and the discussion below is also based on this assumption. As for other UE implementations, how to design the test may need further discussion. The second issue is the location of test RBs. In our view, allocating the test RBs on NR carrier is more reasonable, since the test purpose is to guarantee the NR demodulation performance with power imbalance. 
Proposal 7: It is proposed to allocate the test RBs on NR carrier for intra-band non-contiguous EN-DC. 

It can be observed from the following table in 38.101-3 that there are three EN-DC CBW combinations, and can be illustrated in figure 6.
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Figure 6: Three CBW combinations of intra-band non-contiguous EN-DC
The Case 1 is corresponding to DC_3A_n3A, DC_7A_n7A and DC_66A_66A EN_DC combinations, the BW of LTE carrier can be same with NR carrier. In this case, we propose the test design:
· Step 1: First select the CBW combinations with the same BWs in each carrier. 
· Step 2: Among the CBW combinations selected from step 1, select the CA combination with largest aggregated CBW. 
The Case 2 is corresponding to DC_41C_n41A and DC_41D_n41A EN_DC combinations, the BW of aggregated LTE carriers can be same with NR carrier. In this case, we propose the test design:

· Step 1: First select the CBW combinations with the same BWs between aggregated LTE carriers and NR carrier.
· Step 2: Among the CBW combinations selected from step 1, select the CA combination with largest aggregated CBW.
The Case 3 is corresponding to DC_41A_n41A EN_DC combination, the BW of LTE carrier is smaller than NR carrier. In this case, we propose the test design:

· Step 1: First select the CBW combinations with smallest CBW difference between the LTE and NR carriers. 

· If NR carrier frequency is higher than LTE carrier, then the test RBs will be allocated on the highest part of NR carrier.

· If NR carrier frequency is lower than LTE carrier, then the test RBs will be allocated on the lowest part of NR carrier
· Step 2: Among the CBW combinations selected from step 1, select the CA combination with largest aggregated CBW
To summarize, the test design in intra-band non-contiguous EN-DC can be as follows:
· Step 1: First select the CBW combinations with the same BWs between LTE carrier (single carrier or aggregated carriers) and NR carrier

· If there is no such CBW combination, select the CBW combinations with smallest CBW difference between the LTE and NR carriers.
· If frequency range of NR carrier is higher than LTE carrier, then the test RBs will be allocated on the highest part of NR carrier.
· If frequency range of NR carrier is lower than LTE carrier, then the test RBs will be allocated on the lowest part of NR carrier.
· Step 2: Among the CBW combinations selected from step 1, select the CA combination with largest aggregated CBW.
Proposal 8: A test design for intra-band non-contiguous CA is proposed:

· Step 1: First select the CBW combinations with the same BWs between LTE carrier (single carrier or aggregated carriers) and NR carrier

· If there is no such CBW combination, select the CBW combinations with smallest CBW difference between the two carriers.
· If frequency range of NR carrier is higher than LTE carrier, then the test RBs will be allocated on the highest part of NR carrier.
· If frequency range of NR carrier is lower than LTE carrier, then the test RBs will be allocated on the lowest part of NR carrier.
· Step 2: Among the CBW combinations selected from step 1, select the CA combination with largest aggregated CBW.
	E-UTRA – NR configuration / Bandwidth combination set

	Downlink

EN-DC configuration
	Uplink EN-DC configurations
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth (MHz)
	Bandwidth combination set

	
	
	Channel bandwidths for E-UTRA carrier (MHz)
	Channel bandwidths for NR carrier (MHz)
	Channel bandwidths for E-UTRA carrier (MHz)
	
	

	DC_3A_n3A 
	DC_3A_n3A(1)
	
	5, 10, 15, 20, 25, 30
	5, 10, 15, 20
	50
	0

	
	
	
	5, 10, 15, 20, 25, 30
	5, 10, 15, 20
	50
	1

	
	
	5, 10, 15, 20
	5, 10, 15, 20, 25, 30
	
	
	

	DC_7A_n7A3
	DC_7A_n7A2
	5, 10, 15, 20
	5, 10, 15, 20
	
	40
	0

	DC_41A_n41A 
	DC_41A_n41A
	20
	40, 60, 80,100
	
	120
	0

	
	
	
	40, 60, 80,100
	20
	
	

	
	
	20
	40, 50, 60, 80,100
	
	120
	1

	
	
	
	40, 50, 60, 80,100
	20
	
	

	DC_41C_n41A
	DC_41A_n41A
	20+20
	40, 60, 80,100
	
	140
	0

	
	
	
	40, 60, 80,100
	20+20
	
	

	
	
	20+20
	40, 50, 60, 80,100
	
	140
	1

	
	
	
	40, 50, 60, 80,100
	20+20
	
	

	DC_41D_n41A
	DC_41A_n41A
	20+20+20
	40, 60, 80,100
	
	160
	0

	
	
	
	40, 60, 80,100
	20+20+20
	
	

	
	
	20+20+20
	40, 50, 60, 80,100
	
	160
	1

	
	
	
	40, 50, 60, 80,100
	20+20+20
	
	

	DC_66A_n66A
	DC_66A_n66A2
	5, 10, 15, 20
	5, 10, 15, 20, 40
	
	50
	0

	NOTE 1:
Only single switched UL is supported in Rel.15.

NOTE 2:
Only single switched UL is supported.
NOTE 3:
Requirements in this specification apply for NR SCS of 15 kHz only.


3. Conclusion
In this contribution, we further discuss the remaining open issues of FR1 CA and EN-DC power imbalance requirements. The proposals are:
Proposal 1 : Define generic methodology for selection of CBW combination among all CBW combinations in supported CA configurations.
Proposal 2: If there is no CBW combinations with the same BWs in each carrier, the carrier with smaller CBW will be used for test.
Proposal 3: All PDSCH RBs of both CCs are allocated.
Proposal 4: We prefer to use Test #2b: LTE TDD + NR TDD 30 kHz, in case UE supports it, otherwise LTE TDD + NR TDD 15 kHz.
Proposal 5: We support to use Option1: TDD pattern DSU+DD for 15kHz SCS (if needed).
Proposal 6: Option2 is slightly preferred, and whether to consider “ interBandContiguousMRDC” can be discussed based on further input:
· UE supports only intra-band contiguous EN-DC, i,e., if UE does not indicate “intraBandENDC-Support”, 
· power imbalance requirement for intra-band contiguous EN-DC is applied
· UE supports only intra-band non-contiguous EN-DC, i.e., if UE indicates “non-contiguous” in “intraBandENDC-Support” 
· power imbalance requirement for intra-band non-contiguous EN-DC is applied 
· UE supports both intra-band contiguous and non-contiguous EN-DC, i.e., if UE indicates “both” in “intraBandENDC-Support”

· power imbalance requirement for FR1 intra-band contiguous EN-DC
Proposal 7: It is proposed to allocate the test RBs on NR carrier for intra-band non-contiguous EN-DC.
Proposal 8: A test design for intra-band non-contiguous CA is proposed:

· Step 1: First select the CBW combinations with the same BWs between LTE carrier (single carrier or aggregated carriers) and NR carrier

· If there is no such CBW combination, select the CBW combinations with smallest CBW difference between the two carriers.
· If frequency range of NR carrier is higher than LTE carrier, then the test RBs will be allocated on the highest part of NR carrier.
· If frequency range of NR carrier is lower than LTE carrier, then the test RBs will be allocated on the lowest part of NR carrier.
· Step 2: Among the CBW combinations selected from step 1, select the CA combination with largest aggregated CBW.
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