Page 1



3GPP TSG RAN WG1 #78
        

              R1-143062
Dresden, Germany, August 18 – 22, 2014
Agenda item:
7.2
Source: 
Samsung 

Title: 



    Fallback Operation for CSI Reporting in eIMTA 
Document for:
Discussion and Decision
1 Introduction

In RAN1#77, specifications for periodic CSI reporting from a UE configured for eIMTA operations were completed except for the following aspect. 
· Further discussion (at CR stage) on UE behavior (which needs to be defined) if a UE does not receive the L1 indicated UL/DL configuration for a radio frame. 

This contribution discusses the above outstanding issue and provides a CR. 

2 Fallback Operation for Periodic CSI Reporting
For fallback operation for P-CSI reporting, four options have been proposed:

a) Dropping the P-CSI report for the second set of subframes
b) Reporting OOR for the CQI of the second CSI report
c) Reporting an outdated P-CSI

d) Leaving the UE behavior unspecified

A UE autonomously dropping a P-CSI report is problematic. P-CSI and PUSCH transmissions can coincide and it is then not possible for an eNB to detect that a UE did not transmit P-CSI (similar to an eNB not implementing PUCCH Format 2 DTX detection). For example, as TDD DL-UL configuration 5 is a likely DL reference configuration, UEs with SPS PUSCH may transmit both P-CSI and SPS PUSCH in SF#2. Further, PUCCH Format 2 DTX detection is an optional feature and although a UE will not receive PDSCHs in DL “flexible” SFs when it operates under the fallback TDD UL-DL configuration, an eNB typically averages P-CSI reports and receiving inaccurate ones (e.g. due to absence of DTX detection when P-CSI is dropped by the UE) is detrimental. 

Reporting OOR for the CQI value of the second subframe set provides two benefits and has no drawback. First, an eNB is implicitly informed that a UE did not detect DCI format 1C with TDD-ModeA-RNTI and cannot operate with an adapted UL/DL configuration. Note that as this OOR value corresponds to the subframe set where the UE experiences UL interference, the eNB can always infer that the UE did not detect DCI format 1C with TDD-ModeA-RNTI when the CQI value for the first subframe set is not OOR. Although, missed detection of DCI format 1C with TDD-ModeA-RNTI is statistically a rare event in AWGN interference, it can in practice occur for a given UE (e.g. UE experiences a fade or an interference burst). Second, it enables an eNB to avoid filtering inaccurate CSI reports and therefore avoid an impact on link adaptation that can last over many CSI reporting periods.
Reporting outdated CSI is detrimental since, as previously mentioned, an eNB typically averages CSI reports and respective errors/inaccuracies propagate over multiple report periods. As noted in [1], when a UE does not detect DCI format 1C with TDD-ModeA-RNTI and for a relatively large adaptation period, the CSI reference resource determined by the UE can be significantly outdated compared to the CSI reference resource assumed by the eNB and an inaccurate CSI report by the UE will degrade scheduling from the eNB over several CSI reporting periods.
Leaving the UE behavior unspecified is generally not preferable (e.g. the UE may choose to not transmit the second P-CSI or report an outdated/random P-CSI which will degrade eNB scheduling accuracy).

A similar situation as for fallback operation occurs when a UE configured with eIMTA operation is exiting the DRX state and prior to detecting the DCI Format 1C with TDD-ModeA-RNTI. This is not an infrequent event and can correspond to a significant percentage of UEs at a given time. Another similar situation occurs when the adapted TDD UL-DL configuration is #0 where, regardless of whether or not the UE detects DCI Format 1C with TDD-ModeA-RNTI, the UE may not have a valid CSI reference resource for the second CSI report. 
In conclusion, a UE reporting OOR for the CQI value of the CSI for a subframe set when the UE does not have a respective valid CSI resource is the only option that avoids performance degradation and UE/eNB ambiguities. No drawback is identified. 

Proposal: For a UE configured with the higher layer parameter tddModeAConfig-r12 and with CSI subframe sets, if the UE does not have a valid DL subframe for a subframe set in a transmission period of a PDCCH with CRC scrambled by TDD-ModeA-RNTI, the UE reports OOR as the CQI value of the CSI report for the subframe set.   

References:

[1] RP-142195, “Remaining issues on periodic CSI reporting during fallback for eIMTA”, Sharp
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7.2.3
Channel Quality Indicator (CQI) definition

The CQI indices and their interpretations are given in Table 7.2.3-1.

Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the condition:

· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1. 

If CSI subframe sets 
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 are configured by higher layers, each CSI reference resource belongs to either 
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 or 
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 but not to both. When CSI subframe sets 
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 are configured by higher layers a UE is not expected to receive a trigger for which the CSI reference resource is in subframe that does not belong to either subframe set. For a UE in transmission mode 10 and periodic CSI reporting, the CSI subframe set for the CSI reference resource is configured by higher layers for each CSI process.

For a UE in transmission mode 9 when parameter pmi-RI-Report is configured by higher layers, the UE shall derive the channel measurements for computing the CQI value reported in uplink subframe n based on only the Channel-State Information (CSI) reference signals (CSI-RS) defined in [3] for which the UE is configured to assume non-zero power for the CSI-RS. For a UE in transmission mode 9 when the parameter pmi-RI-Report is not configured by higher layers or in transmission modes 1-8 the UE shall derive the channel measurements for computing CQI based on CRS.

For a UE in transmission mode 10, the UE shall derive the channel measurements for computing the CQI value reported in uplink subframe n and corresponding to a CSI process, based on only the non-zero power CSI-RS (defined in [3]) within a configured CSI-RS resource associated with the CSI process. 

For a UE in transmission mode 10 , the UE shall derive the interference measurements for computing the CQI value reported in uplink subframe n and corresponding to a CSI process, based on only the zero power CSI-RS (defined in [3]) within the configured CSI-IM resource associated with the CSI process. If the UE in transmission mode 10 is configured by higher layers for CSI subframe sets 
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 for the CSI process, the configured CSI-IM resource within the subframe subset belonging to the CSI reference resource is used to derive the interference measurement. For a UE configured with the parameter tddModeAConfig-r12 for a serving cell, configured CSI-IM resource(s) within only downlink subframe(s) of a radio frame that are indicated by UL/DL configuration of the serving cell can be used to derive the interference measurement for the serving cell.
A combination of modulation scheme and transport block size corresponds to a CQI index if:

-
the combination could be signalled for transmission on the PDSCH in the CSI reference resource according to the relevant Transport Block Size table, and 

-
the modulation scheme is indicated by the CQI index, and 

-
the combination of transport block size and modulation scheme when applied to the reference resource results in the effective channel code rate which is the closest possible to the code rate indicated by the CQI index. If more than one combination of transport block size and modulation scheme results in an effective channel code rate equally close to the code rate indicated by the CQI index, only the combination with the smallest of such transport block sizes is relevant.

The CSI reference resource for a serving cell is defined as follows:

-
In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CQI value relates.

-
In the time domain, 

-
for a UE configured in transmission mode 1-9 or transmission mode 10 with a single configured CSI process for the serving cell, the CSI reference resource is defined by a single downlink subframe n-nCQI_ref,

-
where for periodic CSI reporting nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe;

-
where for aperiodic CSI reporting, if the UE is not configured with the higher layer parameter tddModeAConfig-r12, or if the UE is configured with the higher layer parameter tddModeAConfig-r12 and the UE is not configured with CSI subframe sets. 
-
nCQI_ref  is such that the reference resource is in the same valid downlink subframe as the corresponding CSI request in an uplink DCI format.

-
 nCQI_ref  is equal to 4 and downlink subframe n-nCQI_ref corresponds to a valid downlink subframe, where downlink subframe n-nCQI_ref is received after the subframe with the corresponding CSI request in a Random Access Response Grant. 
-
where for aperiodic CSI reporting, and the UE configured with the higher layer parameter tddModeAConfig-r12, and the UE configured with CSI subframe sets,
-
for the UE configured in transmission mode 1-9,
-
nCQI_ref  is the smallest value greater than or equal to 4 and subframe n-nCQI_ref  corresponds to a valid downlink subframe, where subframe n-nCQI_ref  is received on or after the subframe with the corresponding CSI request in an uplink DCI format;

-
nCQI_ref  is the smallest value greater than or equal to 4, and subframe n-nCQI_ref  corresponds to a valid downlink subframe, where subframe n-nCQI_ref  is received after the subframe with the corresponding CSI request in an Random Access Response Grant; 

-
if there is no valid value for nCQI_ref  based on the above conditions, then nCQI_ref  is the smallest value such that the reference resource is in a valid downlink subframe n-nCQI_ref  prior to the subframe with the corresponding CSI request, where subframe n-nCQI_ref  is the lowest indexed valid downlink subframe within a radio frame;

-
for the UE configured in transmission mode 10,
-
nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe, and the corresponding CSI request is in an uplink DCI format;

-
nCQI_ref  is the smallest value greater than or equal to 4, and subframe n-nCQI_ref  corresponds to a valid downlink subframe, where subframe n-nCQI_ref  is received after the subframe with the corresponding CSI request in a Random Access Response Grant;
-
for a UE configured in transmission mode 10 with multiple configured CSI processes for the serving cell, the CSI reference resource for a given CSI process is defined by a single downlink subframe n-nCQI_ref,

-
where for FDD serving cell and periodic or aperiodic CSI reporting nCQI_ref  is the smallest value greater than or equal to 5, such that it corresponds to a valid downlink subframe, and for aperiodic CSI reporting the corresponding CSI request is in an uplink DCI format;

-
where for FDD serving cell and aperiodic CSI reporting nCQI_ref  is equal to 5 and downlink subframe n-nCQI_ref corresponds to a valid downlink subframe, where downlink subframe n-nCQI_ref is received after the subframe with the corresponding CSI request in a Random Access Response Grant.

-
where for TDD serving cell, and 2 or 3 configured CSI processes, and periodic or aperiodic CSI reporting, nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe, and for aperiodic CSI reporting the corresponding CSI request is in an uplink DCI format;

-
where for TDD serving cell, and 2 or 3 configured CSI processes, and aperiodic CSI reporting, nCQI_ref  is equal to 4 and downlink subframe n-nCQI_ref  corresponds to a valid downlink subframe, where downlink subframe n-nCQI_ref  is received after the subframe with the corresponding CSI request in a Random Access Response Grant;

-
where for TDD serving cell, and 4 configured CSI processes, and periodic or aperiodic CSI reporting, nCQI_ref  is the smallest value greater than or equal to 5, such that it corresponds to a valid downlink subframe, and for aperiodic CSI reporting the corresponding CSI request is in an uplink DCI format;

-
where for TDD serving cell, and 4 configured CSI processes, and aperiodic CSI reporting, nCQI_ref  is equal to 5 and downlink subframe n-nCQI_ref  corresponds to a valid downlink subframe, where downlink subframe n-nCQI_ref  is received after the subframe with the corresponding CSI request in a Random Access Response Grant.

A downlink subframe in a serving cell shall be considered to be valid if:

-
it is configured as a downlink subframe for that UE, and

-
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 subframe in the primary cell is a downlink subframe or a special subframe with the length of DwPTS more than 
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, and
-
except for transmission mode 9 or 10, it is not an MBSFN subframe, and

-
it does not contain a DwPTS field in case the length of DwPTS is 
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 and less, and

-
it does not fall within a configured measurement gap for that UE, and

-
for periodic CSI reporting, it is an element of the CSI subframe set linked to the periodic CSI report when that UE is configured with CSI subframe sets, and

-
for a UE configured in transmission mode 10 with multiple configured CSI processes, and aperiodic CSI reporting for a CSI process, it is an element of the CSI subframe set linked to the downlink subframe with the corresponding CSI request in an uplink DCI format, when that UE is configured with CSI subframe sets for the CSI process and UE is not configured with the higher layer parameter tddModeAConfig-r12, and
-
for a UE configured in transmission mode 1-9, and aperiodic CSI reporting, it is an element of the CSI subframe set associated with the corresponding CSI request in an uplink DCI format, when that UE is configured with CSI subframe sets and the UE is configured with the higher layer parameter tddModeAConfig-r12, and
-
for a UE configured in transmission mode 10, and aperiodic CSI reporting for a CSI process, it is an element of the CSI subframe set associated with the corresponding CSI request in an uplink DCI format, when that UE is configured with CSI subframe sets for the CSI process and the UE is configured with the higher layer parameter tddModeAConfig-r12.
If there is no valid downlink subframe for the CSI reference resource in a serving cell, CSI reporting is omitted for the serving cell in uplink subframe n. 
For a UE configured with the higher layer parameter tddModeAConfig-r12 and with CSI subframe sets, if the UE does not have a valid DL subframe for a subframe set in a transmission period of a PDCCH with CRC scrambled by TDD-ModeA-RNTI, the UE reports CQI index 0 from Table 7.2.3-1.   
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