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Discussion and Decision
1. Introduction
This contribution summarizes the email discussion on restricted ABS patterns to be used for RLM/RRM and CSI measurements.
During RAN4 AH#4 and the following email discussion, a way forward was proposed and agreed by all participants of the discussion (R4-103977). On the scope of RLM/RRM work, the following was agreed:
· RAN4 should prioritize intra-frequency RRM measurement requirements work
· Additional inter-frequency/RAT RRM measurement requirements for eICIC should also be studied. Depending upon the outcome if the new requirements are considered necessary then they will be defined at later stage. 
· RLM for RRC_CONNECTED state and RRM performance  requirements for RRC_CONNECTED should be introduced under time varying interference 
· The suitable subframes for measurements is signalled by the network; 
· RAN4 will determine the working assumption of patterns for RRM/RLM requirements by RAN4 #57. Both non colliding-CRS and colliding-CRS cases should be studied for RLM/RRM performance requirements. 
· RAN4 will also consider the impact of patterns on CSI measurement performance if  the same signaled pattern is used for RLM/RRM and CSI measurements. 
Given that we need to agree on the working assumption of patterns for RRM/RLM requirements by RAN4 #57, email discussion was carried out on the candidate patterns to use for FDD and TDD networks.
2. Discussions
2.1 Background
RAN2 is currently discussing the restricted resource signalling for different scenarios, such as the table below. In the RAN4 ABS pattern discussion, we do not intend to duplicate the RAN2 discussion on scenarios and signalling mechanism. Rather, we could start from a UE point of view, assuming that a proper ABS pattern has been signalled for measuring a particular target cell, which is a weak cell under time-varying interference. The main purpose of the discussion is to narrow down the candidate patterns for performance requirements.
Table-1:
Necessary measurement resource restrictions
	Scenario
	Serving cell measurement and RLM
	Measurement of neighbour macros
	Measurement of neighbour picos
	Measurement of neighbour femtos

	Case 1) PUE
	Macro’s ABS
	-
	- (*1)
	-

	Case 2) MUE out of femto’s coverage
	-
	-
	Macro’s ABS
	-

	Case 3) MUE in femto’s coverage
	Femto’s ABS
	Femto’s ABS (*2)
	Femto’s ABS (*3)
	-


*1)

Supporting overlapping pico’s CRE is considered to be non-essential as the PUE already has been offloaded from a macro cell.
*2)
This addresses mobility between macros within femto’s coverage

*3)
This allows the UE to identify the best serving cell (i.e. it can be a macro or a pico cell). Note that the UE is not able to measure or be served by a weak pico within femto’s coverage due to unavoidable interference from either femto or macro (see figure-1).
In RAN1 LS R4-103941, the following decisions on the backhaul message exchange were stated:

With regard to the X2 signalling, RAN1 has agreed the following requirements:

· A bitmap pattern is used to indicate Almost Blank Subframe (ABS) pattern of Macro cell to Pico cell
· Pattern period: 
· FDD – 40ms

· TDD – 20ms for DL/UL configuration 1~5, 70 ms for DL/UL configuration 0, 60ms for DL/UL configuration 6

· Patterns are semi-statically updated, i.e. not faster than existing Rel-8/9 X2 RNTP signals
· One bitmap indicates the subframes which are ABS
· A second bitmap indicates a subset of the subframes indicated by the first bitmap, which are recommended to receiving node for configuration of restricted RLM/RRM measurements

· Serving cell indicates actual resources for RLM/RRM and CSI through RRC signaling (details below) 

· Trigger: aperiodic, event-based

Although this signalling is specific to macro pico, similar pattern could be used for OAM configuration of femto cells. Given that the RLM/RRM pattern is likely configured based on the second bitmap, RAN4 should limit the candidate patterns accordingly.
As indicated in RAN1 LS, bitmap 2 is a subset of bitmap 1 which is expected to change more dynamically. As a result, we could expect that the subframes included in the RRC signalling of RLM/RRM restriction are different from the true ABS subframes configured by the interferer.

Proposal 1: The RRC signalled ABS pattern is a subset of true ABS pattern, which is used to configure the time varying interference.

In the case of FDD, the pattern period is 40 ms, which is the least common multiplier of HARQ periodicity (8) and MBSFN period (10). We would recommend focus discussion on the regular ABS first, then we could address specific patterns to be used when MBSFN is used as a special form of ABS. 
In the case of TDD, the pattern period is a function of the DL/UL configuration, varying from 20 to 70ms. We would recommend focus on Configuration 1 in order to increase the commonality of analysis performed by multiple companies. 

2.2 FDD regular ABS

In the case of regular ABS, there is no restriction on MBSFN or non-MBSFN subframes. We could consider the following FDD ABS pattern with periodicity of 8 (to match HARQ) and different duty cycles:

· FDD_ABS_1/8, with bitmap: [10000000, 10000000, 10000000, 10000000, 10000000]

· FDD_ABS_2/8, with bitmap: [11000000, 11000000, 11000000, 11000000, 11000000]

· FDD_ABS_4/8, with bitmap: [11001100, 11001100, 11001100, 11001100, 11001100]

Additional patterns with higher duty cycle could also be defined, where the interfering cell giving up more than 50% of total resources. From RAN4 requirement perspective, it might be sufficient to consider these lower duty cycle cases since this is a subset of the true ABS subframes.
It would be desirable to further reduce the set of patterns to be defined for RRM requirements from both spec complexity and testing complexity perspective. 
	Company name
	Comment

	Qualcomm
	If one of the three patterns should be considered, we believe FDD_ABS_2/8 should be the prioritized. This signalled ABS pattern should not be changed quickly due to signalling overhead and potentially battery consumption considerations. Hence, this should be the low end of typical resources that an interferer gives up in hetnet deployment. Two out of eight subframes could be a good tradeoff. 

The true ABS interference pattern used in performance evaluation could be FDD_ABS_4/8, which is a superset of FDD_ABS_2/8. RLM/RRM performance based on the candidate patterns should be evaluated by the working group.

	NTT DoCoMo
	Regarding FDD ABS patterns which you proposed for the study, we would like to also add lower duty cycle cases, i.e. FDD_ABS_1/16, FDD_ABS_1/24 etc since these are just a subset of true ABS pattern for the RRM measurements. It is beneficial to assume for instance that both regular ABSs and MBSFN subframes are configured together for the time varying interference and the UE would monitor regular ABS only for the measurements.

	Qualcomm
	In the case of regular ABS based eICIC scheme, duty cycle much lower than 12.5% might not be very effective to support data services. However, we could consider lower duty cycle patterns in the context of mixed MBSFN and regular ABS subframes, where the ABS pattern is used mainly for measurement purposes.


2.3 TDD regular ABS

In the case of regular ABS, the main restriction on ABS pattern is HARQ timeline. For configuration one, following HARQ relationship exists:
	Configuration 1
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	D/S/U
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	UL ACK subframe for DL PDSCH on this subframe
	7
	7
	
	
	8
	2
	2
	
	
	3

	UL PUSCH subframe for UL grant and PHICH on this subframe
	X
	7
	
	
	8
	X
	2
	
	
	3

	Paring of DL/UL subframes
	 a-1
	 a-2
	 c
	 d
	 b
	 c
	 c
	 a
	 b
	 d


The ABS bitmap could take on a combination of the 4 DL/UL subframe pairs. We could consider the following TDD ABS pattern with periodicity of 10 and different duty cycles:
· TDD_ABS_1/6, 
·  [0000000001, 0000000001] [also available for MBSFN]
·  [0100000000, 0100000000]
·  [0000100000, 0000100000] [also available for MBSFN]
· TDD_ABS_2/6, 
·  [0000100001, 0000100001] [also available for MBSFN]
·  [1100000000, 1100000000]
·  [0100100000, 0100100000]
·  [0100000001, 0100000001]
· TDD_ABS_3/6
·  [1100000001, 1100000001]
·  [0100100001, 0100100001]
Additional patterns with higher duty cycle could also be defined, where the interfering cell giving up more than 50% of total resources. From RAN4 requirement perspective, it might be sufficient to consider these lower duty cycle cases since this is a subset of the true ABS subframes.

It would be desirable to further reduce the set of patterns to be defined for RRM requirements from both spec complexity and testing complexity perspective. 

	Company name
	Comment

	Qualcomm
	If one of the three patterns should be considered, we believe FDD_ABS_2/6 with bitmap “a” should be the prioritized. Similar to the FDD case, 2 out of 6 DL subframes would be a reasonable overhead to set aside for eICIC operation. In addition, consecutive subframes could be helpful for demod performance optimization

The true ABS interference pattern used in performance evaluation could be TDD_ABS_3/6, which is a superset of TDD_ABS_2/6. RLM/RRM performance based on the candidate patterns should be evaluated by the working group.

	Vodafone
	In principle, we are okay with the chosen ABS patterns. Please go ahead and simulate using all those patterns and let's discuss further in Jacksonville. My thinking/proposal is not to configure ABS on subframes 0, 5, 4 and 9 because they contain paging info., If we all could agree on this. For MBSFN ABS, there is no reason why we could not reuse the regular ABS pattern. Again, I hope we could all agree on this.

	Qualcomm
	RAN1 LS clearly defined that ABS contains SIB1 and paging information, hence there is no need to avoid subframes 0, 4, 5, 9. 
We agree that MBSFN ABS case the regular ABS pattern could be reused for measurement purpose, where MBSFN subframes could be used to supplement the regular ABS. However, proponents of MBSFN + ABS should provide more details for evaluation.


2.4 FDD MBSFN

· FDD_ABS_1/8, with bitmap: [00000001, 00000001, 00000001, 00000001, 00000001]

· FDD_ABS_2/8, with bitmap: [00000011, 00000011, 00000011, 00000011, 00000011]

· FDD_ABS_4/8, with bitmap: [00110011, 00110011, 00110011, 00110011, 00110011]

	Company name
	Comment

	NTT DoCoMo
	In section 2.4 FDD MBSFN, will we assume all the ABSs are MBSFN subframes for RRM/RLM requirements or mixture case of regular ABSs and MBSFN subframes. Of cource, even if both are configured, it is UE implementation which blank subframes are utilized for the measurements. However, in my understanding, the evaluations for the requirements would be done with MBSFN subframes only to define the minimum requirements. 

In case of MBSFN, would ABS pattern for the evaluation of RRM/RLM requirements be with periodicity of 10 (to match MBSFN period) since MBSFN subframes can be configured only on limited subframes (#1, #2, #3, #6, #7 and #8) ?

	Qualcomm
	We would suggest to discuss and verify the performance of restricted subframe measurements when a ABS and MBSFN subframes are configured together. 
One issue with using only MBSFN subframe for ABS is that 8ms HARQ timeline cannot be guaranteed if only MBSFN subframes are used. Maybe proponents could provide more details on how the UL HARQ timeline issue could be resolved.
In addition, Rel-8 measurement requirements are based on non-MBSFN subframes due to the lack of CRS tones in the MBSFN subframe. It might be reasonable to define measurement requirements based on ABS subframes with CRS. MBSFN subframes could be used to further enhance the PDSCH performance for subframes not used for measurements.

	
	


2.5 TDD MBSFN

TBD
· TDD_ABS_1/6, 
· with bitmap on “d”: [0000000001, 0000000001, 0000000001, 0000000001] [also available for MBSFN]
· with bitmap on “b”: [0000100000, 0000100000] [also available for MBSFN]
· TDD_ABS_2/6, 

· Bitmap on “b+d”: [0000100001, 0000100001,  0000100001,  0000100001] [also available for MBSFN]
2.6 General Comments

	Company name
	Comment

	NTT DoCoMo
	Finally, we would like to hear the opinions about the cell search aspecs. It seems that we do not care PSS/SSS protection when we consider ABS patterns for RRM/RLM requirements. However, if PSS/SSS is not protected, then it would cause the problem where the UE can not search the target Pico eNB even if ABSs are configured. I am just wondering about it and I might miss earlier dicsussions and what is going on in RAN1. Before RAN4 works, it would be better that everybody has same understanding on it.

	Qualcomm
	In RAN1 LS (R4-103834) attachment, subframe shift has been identified as one of the solutions for PSS/SSS/PBCH interference avoidance. Proponents of MBSFN based solution could provide more details on how subframe shift could be applied with MBSFN.

Another solution that’s transparent to the network is UE implementation-based. PSS/SSS/PBCH interference cancellation over the center 6 RB has moderate complexity and provides the desired acquisition performance.

A third solution is signalling based, where the serving cell could tunnel PCID and PBCH payload to the UE. In this case, a UE could bypass initial acquisition and use CRS time/frequency tracking directly.

	Nokia
	Is the intention that the patterns will be decided in Jacksonville and this email discussion is for some initial alignment, which companies may wish to use to make a start on simulations?

	Qualcomm
	Yes, the intention is to decide the patterns in Jacksonville.

	KDDI
	Does it take adding new table of 'time-varying condition' for RSRP/RSRQ/CSI performance requirements? And is it applied for rel-9 UE? Or only for rel-10 UE that supports ABS signalling?

	Qualcomm
	New requirements and test cases will be specified for Rel-10 UEs.


2.6 Restricted ABS for CSI measurements

According to RAN1 LS, bitmap 2 is a subset of bitmap 1 which is expected to change more dynamically. As stated earlier, we could expect that the ABS subframes included in the RRC signalling of RLM/RRM restriction are different from the true ABS subframes configured by the interferer. As a result, the bit locations that are not indicated in the RRC signalling could be a mix of ABS and normal subframe at the interferer. This observation naturally lead to the following proposals on CSI measurement restriction:
Proposal 2: RRC signalled ABS subframes could be used for CSI averaging. Other subframes are not expected to have the same interference characteristic, hence, not suitable for averaging.
Proposal 3: RLM/RRM and CSI could reuse the same restricted ABS pattern signalled by the network.
	Company name
	Comment

	Qualcomm
	Proposals 2 and 3 reduce the overall signalling and allow maximum averaging over subframes of the same interference characteristics.

CSI performance based on the candidate patterns should be evaluated by the working group.

	
	

	
	


3. Conclusion
In this contribution, we summarized the email discussion over RAN4 email reflector on eICIC restricted measurement pattern. The following proposals were made:
Proposal 1: The RRC signalled ABS pattern is a subset of true ABS pattern, which is used to configure the time varying interference.

Proposal 2: RRC signalled ABS subframes could be used for CSI averaging. Other subframes are not expected to have the same interference characteristic, hence, not suitable for averaging.
Proposal 3: RLM/RRM and CSI could reuse the same restricted ABS pattern signalled by the network.
Candidate FDD/TDD and regular/MBSFN patterns have been suggested in 2.2-2.5 for performance evaluation. Additional low duty cycle patterns could be considered for mixed MBSFN and regular ABS subframes. It is recommended the working group should consider a small set of the candidate patterns for performance requirements.
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