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1. Discussions
1.1. PRB bundling in Un PDSCH
In the TS36.213, there is a section (Section 7.1.6.5) which describes the UE assumption on the precoding granularity. If a UE is configured for transmission mode 9, “the UE may always assume that the same precoder applies on all scheduled PRBs within a PRG,” where PRG consists of one or more PRBs depending on the system bandwidth. As TS36.216 is described such that RN follows the UE’s operation stated in TS36.211/212/213/214 if a RN-specific feature is not explicitly stated in TS36.216 as an exception, the above sentence is also applied to RN unless stated otherwise.

One point that needs to be clarified is the meaning of “all scheduled PRBs” in Un link when RN is configured to demodulate both R-PDCCH and PDSCH with UE-specific RS. In our understanding, it is not clear whether or not the wording “all scheduled PRBs” includes PRBs used for R-PDCCH. If eNB and RN has different interpretation of the precoding granularity, e.g., RN assumes that the same precoding applies to both R-PDCCH and PDSCH within a PRG while eNB understands that the same precoding can be assumed only to PRBs assigned to PDSCH, the channel estimation for Un PDSCH will be deteriorated. Thus, the meaning needs to be clarified in order to avoid such deviated interpretation at the transmitter and receiver.
As discussed in [1], several issues should be resolved if R-PDCCH PRB pairs are included in performing channel estimation for PDSCH. An example is the case where R-PDCCH and PDSCH, that are transmitted within a PRG but separated in frequency as in Figure1 (a), have the same antenna port but different SCID. As it is expected that the additional gain obtained by utilizing R-PDCCH RS REs in PDSCH channel estimation would be marginal in Un link, it seems reasonable to conclude that RN cannot assume that the same precoder applies on R-PDCCH and PDSCH instead of handling such complicated operation cases. In this case, it needs to be further clarified that RN can assume the same precoder for R-PDCCH and PDSCH if they are time-domain multiplexed as shown in Figure 1(b). This behavior seems natural because R-PDCCH and PDSCH already share the same UE-specific RS in a PRB pair. Strictly speaking, however, it is not straightforward to derive this understanding from the current TS36.213 because “PRB” occupies only one slot in time domain, and R-PDCCH and PDSCH occupy separate PRBs anyway. One possible way is to use the terminology of “PRB pair” such that any PRB pair assigned to PDSCH is subject to the same precoder.
Proposal 1: The following statement should be captured in TS36.216:

· RN may always assume that the same precoder applies on all PRB pairs scheduled for PDSCH within a PRG.
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Figure 1. An example of multiplexing R-PDCCH and PDSCH within a PRG.
1.2. CQI definition in Un PDSCH
Due to the difference between Un and Uu PDSCH in terms of the subframe structure, some additional clarification seems to be needed in deriving CQI for Un PDSCH.
First, the definition of the CQI reference resource is not clear enough. In TS36.213, the CQI reference resource is defined in time domain as follows:
· In the time domain, the CQI reference resource is defined by a single downlink subframe n-nCQI_ref,

· where for periodic CQI 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 CQI reporting nCQI_ref is such that the reference resource is in the same valid downlink subframe as the corresponding CQI request in an uplink DCI format.

· where for aperiodic CQI 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 CQI request in a Random Access Response Grant.

A downlink subframe shall be considered to be valid if:

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

· except for transmission mode 9, 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.

If there is no valid downlink subframe for the CQI reference resource, CQI reporting is omitted in uplink subframe n.
In our understanding, two different interpretations are possible for “it is configured as a downlink subframe for that UE.” If this is interpreted as “it is configured as a downlink subframe for that RN by the uplink-downlink configurations in Table 4.2-2 in TS36.211,” a non-Un subframe can be counted as a valid subframe. On the other hand, if this is interpreted as “it is configured as a downlink subframe for that RN by the eNB-RN transmissions in Table 5.2-2 in TS36.216,” a non-Un subframe shall not be counted as a valid subframe and cannot be the CQI reference resource. These two different interpretations may lead to some ambiguity in determining the exact timing of the CQI reference resource. For example, for periodic CQI reporting in Un subframe configuration 18 in Table 5.2-2 in TS36.216, we have
· nCQI_ref  = 4, i.e., the CQI reference resource is SF#0 if the first interpretation is adopted,

· nCQI_ref  = 5, i.e., the CQI reference resource is SF#9 if the second interpretation is adopted.

As SF#0 and SF#9 may be different from each other in terms of CRS/CSI-RS overhead, the derived CQI may be different depending on the adopted interpretations as shown in Figure 2. Furthermore, if the eNB cannot know the exact interpretation of the RN, it becomes impossible to do some CQI compensation. Thus, it is suggested that only Un downlink subframes shall be considered to be valid.
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Figure 2. The CQI reference resource in Un subframe configuration 18 in Table 5.2-2 in TS36.216.

Second, the RN assumption in deriving the CQI index needs to be clarified. In TS 36.213, UE derives the CQI index under the following assumptions:

· The first 3 OFDM symbols are occupied by control signalling

· No resource elements used by primary or secondary synchronisation signals or PBCH

· CP length of the non-MBSFN subframes

· Redundancy Version 0

· If CSI-RS is used for channel measurements, the ratio of PDSCH EPRE to CSI-RS EPRE is as given in Section 7.2.5

· The PDSCH transmission scheme given by Table 7.2.3-0 depending on the transmission mode currently configured for the UE (which may be the default mode).  

· If CRS is used for channel measurements, the ratio of PDSCH EPRE to cell-specific RS EPRE is as given in Section 5.2 with the exception of 
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 [dB] for any modulation scheme, if the UE is configured with transmission mode 2 with 4 cell-specific antenna ports, or transmission mode 3 with 4 cell-specific antenna ports and the associated RI is equal to one; 

· 
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· The shift 
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 is given by the parameter nomPDSCH-RS-EPRE-Offset which is configured by higher-layer signalling.
The above assumptions are missing two unique features of Un DL subframe: One is the last OFDM symbol usage and the other is the existence of R-PDCCH. As for the last OFDM symbol usage, there is no explicit mention in TS 36.213 in contrast to the PDSCH starting symbol. So, it would be helpful to clarify that the last OFDM symbol usage follows the Un subframe configuration in Table 5.4-2 in TS 36.216. As for the existence of R-PDCCH, it seems reasonable to follow the principle which is applied to PBCH, i.e, no REs used for R-PDCCH irrespective of the R-PDCCH search space configuration. This clarification can be helpful especially for the subband CQI reporting with R-PDCCH search space confined to some selected subbands.

Proposal 2: The following features are clarified in TS36.213:

· Only the subframes configured for eNB-to-RN transmissions shall be considered to be valid.
· RN shall assume the following additional assumptions in deriving the CQI index:

· The last OFDM symbol usage follows the configuration in Table 5.4-2.

· No resource elements are used by R-PDCCH.

1.3. PDSCH starting symbol and RN antenna ports
In TS36.216, the starting symbol of R-PDCCH and R-PDSCH in Un link is defined as follows;

· The starting symbol index of R-PDCCH shall be fixed to 3.

· The starting symbol index of R-PDSCH shall be 1, 2 and 3 which configured by higher layer according to configuration parameter.

The start symbol of R-PDSCH can be changed according to the number of PDCCH symbols at eNB and RN. If the number of PDCCH symbols at RN cell is e.g. one (symbol #0), Un PDSCH symbol can be configured to start with the symbol #2 if necessary (in case start index is #0). If the number of Uu PDCCH symbols at RN cell is two (symbol #0 and #1), Un PDSCH symbol can be configured to start with the symbol #3, but it should not be configured to start with the symbol #2 which leads to loss of the first symbol of Un PDSCH (symbol #2) due to necessity of switching time right after transmitting two Uu PDCCH symbols at RN cell. However such problem will occur in the case when eNB does not exactly know the number of Uu PDCCH symbols at RN cell. If eNB can know the number of Tx antennas, it means eNB can also know the maximum number of PDCCH symbols at RN cell, hence such a loss of colliding symbol(s) can be well avoided. For example, if RN has a capability of four Tx antennas, it is natural then 4-port CRS in the first two OFDM symbols of subframe should be transmitted at RN cell. In that case smart eNB will never configure the start symbol of Un PDSCH to #2 by high layer signal. The problem identified above can be easily resolved by sharing the number of TX antennas of RN. 

Then, how to share the information between eNB and RN? According to [2], the RN start-up procedure is as shown in Figure 1. Firstly RN attaches to E-UTRAN/EPC as UE (called Phase I) and then attached to eNB as RN (called Phase II). One approach to inform eNB of the number of RN TX antennas is that RN reports its capability somewhere during RRC connection setup procedure in Phase II. Then eNB can get the information so that it can adjust start symbol of Un PDSCH by RRC signaling. Another approach is to handle the number of TX antennas as one of OAM parameters. In that case, such a parameter (together with other OAM parameters) needs to be transferred to corresponding operator (e.g. OAM server manager) manually so that eNB can retrieve and download all the operational parameters of each RN from OAM server. However the latter approach has a drawback it cannot control each RN in online manner.

Therefore the former approach, i.e. RRC signaling is more natural way than OAM approach in that there have already been an agreement to introduce X2 signaling to convey information of Tx antenna ports to support enhanced ICIC techniques and it is expected for RN to re-use similar RRC procedure (UE capability inquiry & UE capability report & eNB retrieving) as in LTE/ LTE-A.
Proposal 3: Both eNB and RN should share the knowledge of the number of Tx antennas (ports) at RN cell.
· A relevant mechanism is needed to share this information (e.g. RRC signaling or OAM ).
1.4. TBS determination in Un PDSCH
According to the possibility of time-domain R-PDCCH and PDSCH multiplexing, the number of available REs for Un-PDSCH is decreased at specific PRB pairs which include R-PDCCH in the first slot. Rate matching around the R-PDCCH REs may have impact on the PDSCH decoding performance especially when the number of PDSCH RBs is small.

One possible solution is to modify the number of assigned PRB pairs in consideration of the number of REs that are “effectively” assigned to PDSCH. To be specific, a formula can be captured to set a new column indicator of Table 7.1.7.2.1-1 in TS36.213 as follows [3]:
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In the above formula, scaling factor 
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 means the portion of R-PDCCH in the corresponding PRB pair, for example, the 
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 can be set by 4/11 or 4/12 in normal CP case and 3/10 or 3/11 in extended CP case. 
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Figure 2. An example of Un PDSCH transmission.
Figure 2 shows an example of Un configuration for calculation of the TBS table column indicator. This figure assumes 3 PDCCH symbols, 
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Proposal 4: It is suggested to consider a modification to the TBS table in order to take into account PDSCH rate matching around R-PDCCH.
2. Summary
We discussed in this contribution about some considerations on Un PDSCH transmission. The following proposals were made based on the discussion:
Proposal 1: The following statement should be captured in TS36.216:

· RN may always assume that the same precoder applies on all PRB pairs scheduled for PDSCH within a PRG.
Proposal 2: The following features are clarified in TS36.213:

· Only the subframes configured for eNB-to-RN transmissions shall be considered to be valid.
· RN shall assume the following additional assumptions in deriving the CQI index:

· The last OFDM symbol usage follows the configuration in Table 5.4-2.

· No resource elements are used by R-PDCCH.

Proposal 3: Both eNB and RN should share the knowledge of the number of Tx antennas (ports) at RN cell.
· A relevant mechanism is needed to share this information (e.g. RRC signaling or OAM ).
Proposal 4: It is suggested to consider a modification to the TBS table in order to take into account PDSCH rate matching around R-PDCCH.
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