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1 Introduction

This contribution discusses an issue on REG definition for R-PDCCH with cross-interleaving, for which the current specification in TS 36.216 [1] is not aligned with the design for PDCCH unlike intended when the design was finally agreed based on the way forward proposal in [2]. The design principle for R-PDCCH was such that the Rel-8 REG definition and time-first mapping for PDCCH is reused as much as possible to have the same REG interleaved structure as PDCCH. For Rel.8 PDCCH in [3], an REG consists of consecutive REs including CRS for REG indexing and the symbol-quadruplet to REG mapping is defined to realize time-first mapping of PDCCH regardless of the location of CRS in the corresponding OFDM symbol. However, the description of REG and REG-to-RE resource mapping in TS36.216 is not aligned with the intention of agreements based on [2]. Moreover, time-first REG mapping for R-PDCCH is not guaranteed in some cases and the mapping changes depending on the location of CRS or CSI-RS. This can leads to the misinterpretation of the specification and thus different implementations depending on the interpretations. With this contribution, we propose to discuss which interpretation is correct and correct the corresponding text in TS 36.216 accordingly if necessary.
2 Different REG design for R-PDCCH and PDCCH
The rationale behind the agreements [2] in RAN1#63 for R-PDCCH with cross-interleaving was to reuse the design of Rel.8 PDCCH REG and time-first mapping for R-PDCCH. The mapping of R-PDCCH with cross-interleaving is defined as follows in Section 5.6.3 in TS36.216 [1]:
With cross-interleaving, R-PDCCHs shall be multiplexed, scrambled, modulated, mapped to layers, precoded and mapped to resource elements according to Section 6.8 of [3] except that 

-
an REG is composed out of 4 consecutively available REs in one OFDM symbol in a PRB counted in ascending order of subcarriers, where an RE is assumed to be unavailable with respect to mapping the R-PDCCH in the following cases:

-
if it is used for the transmission of cell-specific reference signals

- if the cell-specific reference signals are configured to be transmitted only on antenna port 0, it shall be assumed that REs for transmission of cell-specific reference signals on antenna port 1 are unavailable for an REG

-
if CSI-RS are present, it shall be assumed that all REs for transmission of CSI-RS on antenna ports 15 to 22 are unavailable for an REG

-
UE-specific reference signals are not mapped onto PRB pairs used for the transmission of R-PDCCH with cross-interleaving

-
for the purpose of REG-to-RE mapping 

-
the downlink system bandwidth shall be determined as 
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-
the time-domain index 
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 shall be initialized with the start symbol index given in Table 5.4-1 and Table 5.4-2 respectively and 
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 corresponds to the end symbol index given in Table 5.4-1 and Table 5.4-2 respectively.
Based on the above description, the REG for R-PDCCH always consists of 4 REs, excluding CRS and CSI-RS locations if configured, and the “REG-to-RE mapping” is used to realize cross-interleaving of R-PDCCH. However, in TS36.211 [3], the REG for PDCCH is defined to comprise consecutive four REs without CRS or six REs including REs for CRS in the OFDM symbols with CRS. This is for guaranteeing the same REG indexing for PDCCH regardless of the CRS locations determined by the cell-specific frequency shift parameter for CRS. This indexing rule can always guarantee the time-first mapping of REG in all PRBs independent of the frequency shift value for CRS. Furthermore, there is no notion of “REG-to-RE mapping” for PDCCH. Instead, “symbol-quadruplet” consisting of the four PDCCH modulation symbols is defined and the four symbols are mapped onto the available REs in an REG excluding CRS. In slide#5 of the agreed way forward [2], examples on how to interpret the REGs in R-PDCCH region are provided and copied in Figure 1. In Figure 1, there are shown REGs with 4 consecutive REs without CRS and 6 consecutive REs including CRS or CSI-RS. However, the description of REG definition in slide#2 of the way forward [2], which has been the baseline for the specification in TS36.216 is not aligned with the examples shown in Figure 1 and is not aligned with the design for  PDCCH either.
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Figure 1. Examples of R-PDCCH REG mapping in the agreed way forward [2]

This inconsistency results in different symbol-quadruplet mapping between R-PDCCH and PDCCH. In Figures 2(a) and 2(b), R-PDCCH REG mapping is illustrated for the 1st slot with different CRS locations, where Figures 2(a) and 2(b) are for vshift =0 and vshift =1 respectively, according to the REG definition in TS 36.216. In PDCCH REG mapping, the REG indexing is not affected by the value of vshift and is identical regardless of CRS locations because the PDCCH REG is defined to include CRS in the OFDM symbols with CRS. However for R-PDCCH, the REG is defined to always consist of 4 available REs excluding CRS and CSI-RS. In figure 2(a), by applying the time-first mapping as specified in the current TS 36.216, the REG of index 3 in the 5th symbol is counted later than the REGs of indexes 1 and 2 which are located in the 6th and 7th symbol, respectively. To make the time-first mapping  not affected by the locations of CRS and CSI-RS as done for PDCCH, REG should be defined to include REs with CRS or CSI-RS, and “symbol-quadruplet mapping” should be used for R-PDCCH as well, instead of “REG-to-RE mapping” specified in the current TS 36.216. As shown in the mapping in Figure 1 captured from the agreed way forward [2], REG for R-PDCCH should consist of 4 or 6 consecutive REs depending on the existence of CRS or CSI-RS in the corresponding OFDM symbol, and an CRS/CSI-RS REs within an REG is assumed to be unavailable with respect to “symbol-quadruplet mapping”. If the REG definition in the current TS 36.216 is corrected this way, the REG mapping of Figure 2(a) can be as illustrated in Figure 3.
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(a) REG definition in case of vshift =0           (b) REG definition in case of vshift =1      

Figure 2. REG indexing based on the current specification in TS 36.216
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Figure 3. Corrected REG indexing and symbol-quadruplet mapping example

3 Conclusion

This contribution has discussed different REG definition between R-PDCCH with cross-interleaving and PDCCH, and discussed potential problems due to the current REG definition for R-PDCCH in TS 36.216. Unlike intended in the RAN1 agreements in [2], the REG definition in TS 36.216 results the REG time-first mapping pattern changes depending on the frequency shift value of CRS and the configuration of CSI-RS within the PRBs for R-PDCCH with cross-interleaving. This could lead to misinterpretation of the specification and thus different implementations depending on the interpretations. We propose that RAN1 discuss this issue and confirm which mapping/indexing is correct between the ones shown in Figure 2(a) and Figure 3. If the mapping of Figure 3 is correct and is what RAN1 intended to agree with the way forward [2] in RAN1#63, changing the corresponding text in TS 36.216 seems necessary, e.g., as shown in the companion draft CR [4].
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