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1 Introduction

In recent RAN4 meetings, the TDD UL-DL configuration applicability clarification issue was widely discussed. Herein we summarize the agreement and consensus in current several cycle meetings.

	For Rel-10 version, RAN4 group have made the agreement that:


The same uplink-downlink and special subframe configurations in the PCell and SCell are assumed in R10.
A wayforward [4] was agreed in RAN4#69bis:

· For the intra-band contiguous or non-contiguous carrier aggregation, the same uplink-downlink and special subframe configurations in the PCell and SCell are assumed in R11
· For inter-band carrier aggregation case:

·  The same uplink-downlink and special subframe configurations in the Pcell and Scell are supported in R11
·  Additionally, RAN1 assumed the support of different TDD UL-DL and special subframe configurations can also be supported in R11 in different bands.

·  From RRM and UE performance requirements, there are no specific discussions on different TDD UL-DL configurations till RAN4 #68.

· RAN4 is developing RF requirements for release 12 WI on inter-band CA WI on band 39 and band 41 (CA_39A-41A) under the assumption:

·  Different TDD UL-DL configurations and special subframe configurations can be used for the UE supporting this CA configuration and which are not capable of simultaneous reception and transmission.

·  The RF requirement specified for Rel-12 can be used in a release independent manner. 

· RAN4 is to study the impact on RRM and UE performance requirements and define necessary requirements for the CA scenario supporting the capability described above in (1).

Consensus in RAN4#70: 

· Clarify that all Rel-11 CA and inter-frequency RRM and UE performance requirements apply, provided that UL/DL subframe and special subframe configurations are the same on all carrier frequencies, including the combinations that are in different frequency bands.

· RRM spec will be consistent with RF spec. First focus on UEs not capable of simultaneous Tx/Rx; if RF spec for UE capable of simultaneous Tx/Rx are defined, we will also define the corresponding RRM requirements.




In this contribution, we continue to give our analysis on the RRM requirements when the different TDD UL-DL configure for inter-band CA.
2 Discussions
In current Rel-11 RAN1 specification [3GPP TS36.211 v11.4.0], the case of different UL-DL configurations in CA has been defined as following:

In case multiple cells with different uplink-downlink configurations are aggregated and the UE is not capable of simultaneous reception and transmission in the aggregated cells, the following constraints apply:

-
if the subframe in the primary cell is a downlink subframe, the UE shall not transmit any signal or channel on a secondary cell in the same subframe 

-
if the subframe in the primary cell is an uplink subframe, the UE is not expected to receive any downlink transmissions on a secondary cell in the same subframe

-
if the subframe in the primary cell is a special subframe and the same subframe in a secondary cell is a downlink subframe, the UE is not expected to receive PDSCH/EPDCCH/PMCH/PRS transmissions in the secondary cell in the same subframe, and the UE is not expected to receive any other signals on the secondary cell in OFDM symbols that overlaps with the guard period or UpPTS in the primary cell.

Although RAN4 agree that UL/DL subframe and special subframe configurations are the same on all carrier frequencies in R-11, it shall capture this feature in R-12.
Proposal1: For inter-band carrier aggregation case, the different uplink-downlink and special subframe configurations in the Pcell and Scell shall be supported in R12.
The inter-band CA operating bands until RAN#70 is reproduced as following[TS 36.101]. So far the TDD inter-band CA only concludes CA_39-41.
Table 5.5A-2: Inter-band CA operating bands

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low  –  FUL_high
	FDL_low  –  FDL_high
	

	CA_1-5
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	

	CA_1-8
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	

	CA_1-18
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	18
	815 MHz
	–
	830 MHz
	860 MHz
	–
	875 MHz
	

	CA_1-19
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	

	CA_1-21
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	

	CA_1-26
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	26
	814 MHz
	–
	849 MHz
	859 MHz
	–
	894 MHz
	

	CA_2-4
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	

	CA_2-5
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	

	CA_2-12
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	

	CA_2-13
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	

	CA_2-17
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	17
	704 MHz
	–
	716 MHz
	734 MHz
	–
	746 MHz
	

	CA_2-29
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	29
	N/A
	717 MHz
	–
	728 MHz
	

	CA_3-5
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	

	CA_3-7
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	

	CA_3-8
	3
	1710 MHz
	
	1785 MHz
	1805 MHz
	
	1880 MHz
	FDD

	
	8
	880 MHz
	
	915 MHz
	925 MHz
	
	960 MHz
	

	CA_3-19
	3
	1710 MHz
	
	1785 MHz
	1805 MHz
	
	1880 MHz
	FDD

	
	19
	830 MHz
	
	845 MHz
	875 MHz
	
	890 MHz
	

	CA_3-20
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	

	CA_3-26
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	26
	814 MHz
	–
	849 MHz
	859 MHz
	–
	894 MHz
	

	CA_3-28
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	

	CA_4-5
	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz 
	–
	2155 MHz
	FDD

	
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	

	CA_4-7
	4
	1710 MHz
	
	1755 MHz
	2110 MHz
	
	2155 MHz
	FDD

	
	7
	2500 MHz
	
	2570 MHz
	2620 MHz
	
	2690 MHz
	

	CA_4-12
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	

	CA_4-13
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	

	CA_4-17
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	17
	704 MHz
	–
	716 MHz
	734 MHz
	–
	746 MHz
	

	CA_4-29
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	29
	N/A
	717 MHz
	–
	728 MHz
	

	CA_5-7
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

	
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	

	CA_5-12
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

	
	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	

	CA_5-17
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

	
	17
	704 MHz
	–
	716 MHz
	734 MHz
	–
	746 MHz
	

	CA_5-25
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

	
	25
	1850 MHz
	–
	1915 MHz
	1930 MHz
	–
	1995 MHz
	

	CA_7-20
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	

	CA_7-28
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	
	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	

	CA_8-20
	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	FDD

	
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	

	CA_11-18
	11
	1427.9 MHz
	–
	1447.9 MHz
	1475.9 MHz
	–
	1495.9 MHz
	FDD

	
	18
	815 MHz
	–
	830 MHz
	860 MHz
	–
	875 MHz
	

	CA_12-25
	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	FDD

	
	25
	1850 MHz
	–
	1915 MHz
	1930 MHz
	–
	1995 MHz
	

	CA_19-21
	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	FDD

	
	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	

	CA_23-29
	23
	2000 MHz
	–
	2020 MHz
	2180 MHz
	–
	2200 MHz
	FDD

	
	29
	N/A
	717 MHz
	–
	728 MHz
	

	CA_39-41
	39
	1880 MHz
	–
	1920 MHz
	1880 MHz
	–
	1920 MHz
	TDD

	
	41
	2496 MHz
	–
	2690 MHz
	2496 MHz
	–
	2690 MHz
	TDD


The corresponding insertion loss ΔRIB,c for introducing CA_39A-41A is defined in Table 7.3.1-1A: ΔRIB,c in TS 36.101. There is a note 4 as following:
 Table 7.3.1-1A: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_1A-5A
	1
	0

	
	5
	0

	….
	…
	…

	
	…
	…

	CA_39A-41A
	39
	0.24

	
	41
	0.24

	NOTE 1:
The above additional tolerances are only applicable for the E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations

NOTE 2:
The above additional tolerances also apply in intra-band and non-aggregated operation for the supported E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations

NOTE 3:
In case the UE supports more than one of the above inter-band carrier aggregation configurations and a E-UTRA operating band belongs to more than one inter-band carrier aggregation configurations then:

-
When the E-UTRA operating band frequency range is ≤ 1GHz, the applicable additional tolerance shall be the average of the tolerances in Table 7.3.1-1A, truncated to one decimal place that would apply for that operating band among the supported CA configurations. In case there is a harmonic relation between low band UL and high band DL, then the maximum tolerance among the different supported carrier aggregation configurations involving such band shall be applied

-
When the E-UTRA operating band frequency range is >1GHz, the applicable additional tolerance shall be the maximum tolerance in Table 7.3.1-1A that would apply for that operating band among the supported CA configurations
NOTE 4:
Only applicable for UE supporting inter-band carrier aggregation with uplink in one E-UTRA band and without simultaneous Rx/Tx.


This implies that current TDD inter-band CA is 2DL+1UL not supporting simultaneous Tx/Rx[TR 36.851]. Of cause, it doesn’t mean that all TDD inter-band CA combinations shall not support simultaneous Tx/Rx when new band combination of inter-band CA is introduced in the future. If the new TDD inter-band CA combination arises, the RF structure will be defined and the simultaneous Tx/Rx implementation is not excluded.

Proposal 2:Different TDD UL-DL configurations and special subframe configurations can be used for the UE supporting the CA configuration and which are not capable of simultaneous reception and transmission in CA_39A-41A.
Our previous contributions [1] [2] have analyse that different TDD UL-DL configuration and special subframe configurations in inter-band CA has no impact on UE idle state mobility, handover, timing, RLM and measurement procedure. In the following, we further analyse the possible impact on UE measurement accuracy. 
As we know, in the requirements of Section 9 in TS 36.133 for the UE capable of CA and the UEs configured with an SCell, the applicable exceptions for side conditions are specified in Annex B, Sections B.4.2 and B.4.3, respectively. Insertion loss ΔRIB,c and MSD impact on side conditions specifying received power levels (E-UTRA RSRP, SCH_RP, PRP, and Io) is defined in the annex section.  
We go back to the discussion on the different TDD UL-DL configurations and special subframe configurations in inter-band CA. The insertion loss ΔRIB,c for CA_39A-41A is defined in RF requirements provided that not supporting simultaneous Tx/Rx, thus RRM requirement shall refer to TS 36.101.  In the future if new TDD inter-band CA combination is introduced and the simultaneous Tx/Rx is supported, the RF requirement shall define corresponding  ΔRIB,c and MSD. RRM requirement shall also refer to TS 36.101. 
Based on the analysis, although different TDD UL-DL configuration impact the side conditions of UE measurement accuracy specified in section 9 TS 36.133, the general consideration is defined in TS 36.133 Annex B.4.2 and B.4.3 which is consistent with the RF requirement.
Proposal 3: There is no impact on RRM requirements when different TDD UL-DL configuration is supported regardless of whether capable of  the simultaneous reception and transmission or not.

In the current specification, there is no test case including different TDD UL-DL configuration and special subframe configuration in CA. Thus corresponding test cases shall be defined.
Proposal 4: Test case on different TDD UL-DL configuration and special subframe configuration in inter-band CA shall be defined.
3 Conclusion
In this contribution, we continue to discuss the issue, and give the detailed analysis on the RRM requirements if the different TDD UL-DL configurations are supported for inter-band CA. Based on the analysis, the following proposals are achieved:

Proposal1: For inter-band carrier aggregation case, the different uplink-downlink and special subframe configurations in the Pcell and Scell shall be supported in R12.
Proposal 2:Different TDD UL-DL configurations and special subframe configurations can be used for the UE supporting the CA configuration and which are not capable of simultaneous reception and transmission in CA_39A-41A.
Proposal 3: there is no impact on RRM requirements when different TDD UL-DL configuration is supported regardless of whether capable of  the simultaneous reception and transmission or not.

Proposal 4: Test case on different TDD UL-DL configuration and special subframe configuration in inter-band CA shall be defined.

Based on these proposals, the draft CRs for Rel-12 are provided in [R4-141746].
4 Reference

[1] R4-136302, “Discussion on TDD UL-DL configuration applicability in CA”, Huawei, HiSilicon
[2] R4-140282, “Discussion on TDD UL-DL configuration applicability in CA”, Huawei, HiSilicon
[3] R4-141746, “Clarifications on TDD UL-DL configuration applicability for R12”, Huawei, HiSilicon








































































































































































































































































































































 1/5

