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1 Introduction
In previous RAN4 meetings, the demodulation performance requirements for eIMTA were discussed [1, 2]. And in RAN meeting #63, 0.5TU was allocated for eIMTA RRM and demodulation performance part [3]. 
In this contribution, we will analyze the impact of introduction of eIMTA on the BS demodulation performance requirements. 
2 Discussion
2.1 Brief summary of eIMTA in RAN1
In Annex we summarize the progress in RAN1 until RAN1meeting #76. The main idea of eIMTA is to configure the different uplink-downlink configurations between Cells to improve the TDD system capacity. One of the key issues is how to mitigate the interference between different cells (either uplink to downlink or downlink to uplink) due to the different uplink-downlink configurations used. The other parts are to define the L1 dynamic signalling scheme to indicate the change of uplink-downlink configurations, and to specify the corresponding HARQ details to utilize the flexible subframes.

The whole work could be divided into the following parts:

· OI indication: subframe-set dependent OI supported on the backhaul to enable interference mitigation;

· Uplink power controls for up to two sets of subframes;

· CSI measurement on two sets of subframes: to allow separate CSI measurement/report for either two types of subframes, and/or two types of interference seen by a subframe;

· Explicit L1 Signalling for TDD UL-DL reconfiguration;

· HARQ details for eIMTA: no new HARQ timing for uplink and downlink was introduced;

· Others: CRS transmissions, PRS and MBMS, soft buffer management, and etc.

2.2 Impacts on RAN4 BS demodulation performance requirements
In Table 1, we summarize the analyses of the impact of eIMTA on BS demodulation performance requirements. Actually most parts of eIMTA are related to UE behaviours.
Table 1: Summary of analysis of the eIMTA impact on BS demodulation performance requirements
	Features of eIMTA
	Analysis
	Impact on BS demod

	OI indication
	Information exchange on backhaul, RAN3 issue
	No

	Uplink power controls
	Almost no change for PHR, PUCCH and PUSCH power control and UE behaviours are defined; no impact on BS receiver
	No

	CSI measurement
	More related to UE behaviour
	No

	Explicit L1 signalling
	BS sends the signalling, and UE behaviours are defined; no impact on BS receiver
	No

	HARQ timing
	No new uplink HARQ timing defined
	No

	Others
	CRS and DL TM
	Related to UE behaviour; no impact on BS receiver
	No

	
	Subframe #6
	Related to UE behaviour; no impact on BS receiver
	No

	
	PRS and MBMS
	No change compared to Rel-11
	No

	
	Soft buffer management
	Related to UE behaviours; no impact on BS receiver
	No

	
	Subframe limitation RRM
	Related to UE behaviours; no impact on BS receiver
	No


For BS demodulation performance requirements, we should concentrate on 

· To verify the performance corresponding to the fundamental change of BS receiver implementation, e.g., introduction of new physical channel, new demodulation schemes;

· To guarantee the performance/performance gain of the key techniques under the typical use cases or challenging use cases.
Based on the analyses above, we could not observe the fundamental change of BS receiver. Regarding the use cases, in eIMTA scenario, some PUSCH would be received under the downlink from other Cells. But firstly the power control could be used to improve the performance. Secondly, there was no systematic study on the enhancement of the TDD uplink performance under the downlink interference.
Therefore, we propose that
· Proposal: there is no need to specify the new BS demodulation requirement for eIMTA.

3 Conclusions

In this paper, we analyze the impacts of eIMTA on BS demodulation performance requirements. There would be no fundamental impact on BS receiver implementation. Based on the analysis, we propose that:
· Proposal: there is no need to specify the new BS demodulation requirement for eIMTA.
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5 Annex: Summary of RAN1 progress

OI indication:

· Following information exchange is supported on the  backhaul to enable interference mitigation in TDD eIMTA
· Subframe or subframe-set dependent OI is supported, where  OI captures at least the total interference 
· Information about a cell’s intended UL-DL configuration, in addition to the existing information about the cell’s SIB-1 UL-DL configuration

· The OI over X2 is subframe-set dependent (up to 2 sets)

· For subframe-set dependent OI, the association of the subframe-set dependent OI with each subframe is determined by X2 message(s)

· Details up to RAN3
Power control:

· Basic idea:

· Up to two sets of subframes will be UE-specifically signalled per serving cell;

· Up to two sets of open-loop power control parameters are defined (2 open-loop PC)

· Open loop power control parameters (Po and alpha)
· These parameters are applicable to PUSCH and SRS channels
· P0 and alpha configuration for the two subframe sets is via RRC signalling
· The association of (P0, alpha) with a UL subframe is separately configured via RRC
· Power control commands:

· TPC commands are accumulated separately for each subframe set
· For power control command step size, no change relative to Rel-11;
· For the TPC commands in DCI formats 0/4/3/3A, the TPC commands are only applied to a subframe or subframes per Rel-11 power command timing

· That is, the power commands are only applied to the corresponding PUSCH/PUCCH power control process(es) associated with the subframe(s)
· PHR mechanism

· Current PHR mechanism is sufficient to support PHR for the two subframe sets and no enhancement is needed
· PUCCH power control:

· For PUCCH PC, no enhancements (including both over-the-air and backhaul enhancements) relative to Rel-11
· Downlink association set index K for PUCCH TPC accumulation is determined according to the configured DL HARQ reference configuration.
· PUSCH power control:

· For initial PUSCH transmissions corresponding to RAR grant, Rel-11 power control is used;
· Accumulation of power control commands is not configurable between separate and joint for the two configured PUSCH subframe sets
· SRS power control:

· Under fallback, if the UE receives a UL grant corresponding to at least one UL subframe per SIB1 not in the set of UL subframes per DL HARQ reference configuration, the UE still treats it as a valid grant;
· Under fallback, if the UE receives a NAK in PHICH triggering PUSCH transmission in a UL subframe per SIB1 not in the set of UL subframes per DL HARQ reference configuration, the UE transmits PUSCH
· For type 1 SRS, the determination of the subframe where the type 1 SRS is due for transmission when triggered is based on SIB1
· For both type 0 and type 1 SRS, SRS transmissions can be configured in a UL subframe or UpPTS based on SIB1 
· If a UE detects L1 signaling conveying a valid UL-DL configuration for radio frame(s), and if the UL subframe or UpPTS for SRS transmission is changed to DL subframe, the UE shall drop the SRS transmission.
· If a UE does not detect L1 signaling conveying a valid UL-DL configuration for radio frame(s),
· The UE still transmits the type 1 SRS in uplink subframes and special subframes indicated based on SIB1, but the UE shall drop the type 0 SRS transmission in a subframe not indicated as UL subframe or UpPTS by the DL-HARQ reference configuration if there is no PUSCH transmission in the same subframe.
· For SRS power control in a normal uplink subframe, the parameters of the PUSCH subframe set associated with the normal uplink subframe are used
· The RRC configured uplink subframe sets shall include special subframes in SIB1
· For SRS power control in a special subframe, the parameters of the PUSCH subframe set associated with the special subframe are used 
CSI measurement:

· Basics idea:

· In DL, up to two subframe sets can be UE-specifically signaled (per serving cell) to allow separate CSI measurement/report for either two types of  subframes, and/or two types of interference seen by a subframe;
· Periodic CSI
· The configuration of periodic CSI is such that the set of subframes for periodic CSI reporting are only in uplink subframes based on the DL HARQ reference uplink-downlink configuration configured for the UE.

· For transmission modes 1~9 for both non-CA and CA; 
· CSI measurement only within DL/S SFs indicated by the L1 signaling if a valid one is detected;
· CSI measurement only within DL/S SFs indicated by SIB1 if a valid one is not detected;

· For CSI measurements for all transmission modes for both non-CA and CA cases:
· The subframe sets for CSI measurements can be configured per CC, and if so, they are semi-statically configured per CC
· Aperiodic CSI:

· Aperiodic CSI feedback shall be supported for all the configured measurement subframe set(s)
· For aperiodic CSI reporting in transmission mode 1~9 for a single serving cell, only CSI for one subframe set is reported in any subframe,
Signaling for TDD UL-DL reconfiguration:

· Basic idea:

· Explicit L1 signalling of reconfiguration by UE-group-common (e)PDCCH; 
· The L1 signaling is used to at least inform the UE the downlink subframes to detect (e)PDCCH, and to possibly measure CSI;
· If UE detects L1 signalling conveying a valid UL-DL configuration for a radio frame,
· UE shall monitor the non-DRX DL subframes or special subframes indicated by explicit L1 signalling
· If UE does not detect L1 signaling conveying a valid UL-DL configuration for a radio frame, 

· UE shall monitor the non-DRX DL subframes or special subframes for PDCCH or EPDCCH as indicated by SIB-1 configuration

· Explicit reconfiguration DCI:

· New RNTI(s) for explicit reconfiguration DCI (eIMTA-RNTI) will be introduced
· The number of eIMTA-RNTI configured for a UE is 1.
· The eIMTA-RNTI is UE-specifically configured via RRC
· Different UEs may be configured different eIMTA-RNTIs
· The reconfiguration DCI at least carries 3 bits to explicitly indicate one of the existing 7 UL/DL configurations;
· Explicit reconfiguration DCI is transmitted in at least Pcell PDCCH CSS;
· If a UE is configured with two or more eIMTA-enabled cells, the UE can be indicated by one explicit reconfiguration DCI for the two or more eIMTA-enabled cells if the DCI is transmitted in Pcell PDCCH CSS
· Two or more indicators (each of 3-bit) for the corresponding two or more eIMTA-enabled cell can be included in one explicit reconfiguration DCI for a UE configured with two or more eIMTA-enabled cells, if the DCI is transmitted in Pcell PDCCH CSS
· The mapping between a reconfiguration index and a cell is UE-specifically configured via RRC
· A UE is expected to monitor explicit reconfiguration DCI at least in a set of periodic subframes (subject to DRX operation)
· The set of  subframes that UE monitors for the explicit reconfiguration DCI is UE-specifically configured via RRC
· The set of subframes that a UE is possibly configured to monitor the reconfiguration signalling are based on:

· For 10ms periodicity, the set of subframes are the DL subframes per SIB1

· For 20ms periodicity, the set of subframes  are the DL subframes per SIB1 in the 2nd radio frame in the window
· For 40ms periodicity, the set of subframes are the DL subframes per SIB1 in the 4th radio frame in the window
· For 80ms periodicity, the set of subframes are the DL subframes per SIB1 in the 8th radio frame in the window

· UE is required to monitor all subframes to carry reconfiguration DCI(s) for radio frames 
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 at least until one valid UL-DL configuration for radio frames 
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 is detected.
· The size of DCI that carries reconfiguration bits is aligned to DCI format 1C.
· Reconfiguration between 5ms and 10ms switching point periodicity shall be supported.
HARQ details:
· Uplink:

· For UE configured with TDD eIMTA, uplink scheduling timing and HARQ timing follow UL-DL configuration signalled in SIB1
· PUCCH is only transmitted in uplink subframes based on the DL HARQ reference uplink-downlink configuration configured for the UE.
· Downlink: 
· Downlink HARQ timing follow a higher layer RRC configured TDD configuration
· At least configurations 2 and  5 can be selected
· A subframe configured as DL subframe or DwPTS of special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) should not be used for uplink transmission.
· DL HARQ reference configuration can choose from Rel-8 TDD UL-DL configurations {2, 4, 5};
· HARQ-ACK bundling is NOT supported for HARQ-ACK feedback for TDD eIMTA;
· PUCCH format 1b with channel selection is supported for HARQ-ACK feedback for TDD eIMTA, along with the mapping table introduced in Rel-10 if eIMTA is enabled.
· PUCCH format 3 is supported for HARQ-ACK feedback for TDD eIMTA
· If TDD eIMTA is not enabled on the PCell but is enabled on at least one SCell, the UE behavior for HARQ-ACK feedback when PUCCH format 3 is configured follows that as specified in Rel-10/11.

· Otherwise:

· Email discussion until 21/2/2014 – Zukang (CATT) - on whether to following Rel-10/11 approach or the one proposed in R1-141026 or any other possible approaches

· For the case of PDCCH scheduling, reuse the existing implicit PUCCH resource for subframes with the same DL HARQ timing between eIMTA and non-eIMTA UEs, and allocate new resources for other subframes in the bundling window, where the new resources are based on a separately RRC configured starting PUCCH offset (where the block interleaving for ACK/NAK resource indexing is still supported)
· UL & DL reference configurations:

· For valid UL & DL reference configurations:

· The set of UL subframes of the DL HARQ reference configuration should be a subset of the UL subframes of the UL HARQ reference UL/DL configuration
· For validity of UL/DL configuration in a reconfiguration DCI under any valid UL & DL HARQ reference configurations:

· The UE should not expect any subframe configured as UL subframe or special subframe in DL HARQ reference configuration is dynamically used as a DL subframe.

· The UE should not expect any subframe configured as DL subframe or special subframe in UL HARQ reference configuration is dynamically used as a UL subframe.
Others
· PUCCH formats
· For UEs configured with eIMTA and CA, up to 2 CCs with DL HARQ reference configuration #5 can be supported

· CRS and DL transmission modes

· UE can be configured by higher layers via dedicated signalling to assume MBSFN subframes in at least some SIB1-UL subframes when the SIB1-UL subframes are determined by the UE to DL subframes

· All existing DL transmission schemes are supported in eIMTA, regardless of fixed or flexible subframes
· Subframe#6:

· If the subframe #6 is a special subframe indicated by SIB1 but a regular DL subframe indicated by the dynamic subframe configuration, the UE shall assume subframe #6 is a regular DL subframe for unicast traffic

· If the subframe #6 is a special subframe indicated by SIB1 but a regular DL subframe indicated by the dynamic subframe configuration, the UE shall assume subframe #6 is a regular DL subframe for broadcast traffic

· From RAN1 perspective, the above bullet regarding unicast and broadcast traffic will not cause significant issues

· Draft LS to RAN2 regarding the above bullets, and ask RAN2 to provide feedback whether there are significant issues from RAN2 perspective or not and if so, RAN1 will re-visit the above agreement – Zukang (CATT) R1-141024, agreed in R1-141025 with the following updates:

· The sub-sub-bullet starting with “from RAN1 perspective” should be a sub-bullet
· “RAN1 respectfully asks”
· PRS and MBMS,

· For PRS and MBMS, Rel-11 configuration and behavior are unchanged.
· For soft buffer management for TDD eIMTA

· For a UE configured with TDD eIMTA, the value of MDL_HARQ shall be determined by RRC configured DL HARQ reference configuration for soft buffer management 
· RRM:
· The following holds for RRM/RLM for a cell in the backward compatible component carrier type:

· A subframe configured as DL subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) should not be changed to uplink.

· For a serving cell, conventional RRM/RLM measurement is applicable to all the subframes indicated as DL subframe and special subframe by SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell). 

· For the neighboring cell
· “same UL/DL allocation in neighboring cells” in NeighCellConfig means that all the subframes indicated as DL subframe and special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) of the serving cell can be used for RRM measurements.

· [Note]: It is a common RAN1 understanding that IE “Subframe Assignment” defined in X2 AP interface refers to the SIB 1 UL-DL configuration

· A subframe configured as DL subframe or DwPTS of special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) should not be used for uplink transmission.
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