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1 Introduction
Herein we provide some background and discussion on the companion draft change request, R1-122831, for TS36.211. The proposed change relates to how the UE interprets the presence of a CSI-RS in subframes that may contain paging messages, for the terminal or other terminals, in the cell. There is an unfortunate ambiguity in the current specification that, if not addressed, can result in different assumptions on the transmission of the CSI-RS for different terminals. Since, the CSI-RS also affects the resource element mapping of the PDSCH, such ambiguities have a severe impact for the transmission in those subframes.
2 Discussion
The resource element mapping of the PDSCH follows certain rules such that it does not collide with other physical channels and reference signals. 
In particular, the PDSCH is not mapped onto resource elements on which the UE assumes there is a CSI-RS present. From TS 36.211, according to agreed change request in [1], the PDSCH is only mapped to resource elements that fulfill the following citeria (among other criteria):

-
they are assumed  by the UE not to be used for transmission of CSI reference signals and the DCI associated with the downlink transmission uses the C-RNTI or semi-persistent C-RNTI
Hence, the resource element mapping is integrally connected with the transmission of the CSI-RS. Moreover, in TS 36.211 V10.4.0, Section 6.10.5.2, relating to the transmission of the CSI-RS it reads
------------------------------  Start quote ------------------------------

The UE shall assume that CSI reference signals are not be transmitted

-
in the special subframe(s) in case of frame structure type 2,

-
in subframes where transmission of a CSI-RS would collide with transmission of synchronization signals, PBCH, or SystemInformationBlockType1 messages,
-
in subframes configured for transmission of paging messages. 

------------------------------  End quote ------------------------------
However, the highlighted sentence leaves room for multiple interpretations and need to be more precise. At the point of specification, the intent was to capture the behaviour that the UE should not expect the CSI-RS in subframes that are used for paging messages to the terminals in the cell. However, the current sentence “subframes configured for transmission of paging messages” can be interpreted in multiple ways, including:

· subframes where a paging message is actually transmitted to the particular UE corresponding to the UE detecting a P-RNTI assignment in the PDCCH

· subframes where the particular UE can receive paging messages, corresponding to the paging occasions (PO), within a Paging Frame (PF), that are derived for the particular UE_ID
· subframes where any UE, with the same configured DRX cycle, etc., can receive a paging message

Among these three interpretations, the latter should be taken as the correct interpretation. 

To give some more background. The derivation of the Paging Frame (PF) and the Paging Occasions (PO), corresponding to the subframes within the PF where a paging may occur for the specific UE, is specified in Section 7 of [2]. However, therein it is not explicitly written out where paging occasions of other terminals may occur. 

However, for a particular UE the PF is derived as radio frames with system frame numbers (SFN) satisfying


SFN mod T= (T div N)*(UE_ID mod N)

where
- 
T: DRX cycle of the UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. 

-
nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32.

-
N: min(T,nB)

-
Ns: max(1,nB/T)

-
UE_ID: IMSI mod 1024.
The parameters T and nB are part of the RadioResourceConfigCommonSIB.
From the above equation it is seen that all PF (of any terminal with the same DRX cycle and nB configuration), satisfy


SFN mod T/N = 0;

that is, T/N is the periodicity of the possible PF (there is no shift)

Moreover, the PO within a PF are determined by


i_s = floor(UE_ID/N) mod Ns

where the PO associated with a specific i_s and Ns is specified in Section 7.2 of [2].  As can be seen i_s takes on the integer values in the range 0 to Ns, and hence the possible PO for any UE within a PF corresponds to all PO available for a specific Ns (corresponding to a row in the table in Section 7.2 of [2]).
In conclusion, the following is proposed:

Proposal:

· it is proposed that the wording “subframes configured for transmission of paging messages”, is clarified as:
“in subframes configured for transmission of paging messages; that is, subframes with a subframe index, i, equal to any of the paging occasions associated with the configured Ns, as listed in Section 7.2 of [2], and wherein the subframe occurs within a radio frame with SFN satisfying, SFN mod (T/N) = 0. For definitions of Ns, T, and N, see Section 7.1 in [2]”
3 Conclusion

Herein we have discussed an ambiguity in the resource mapping of the PDSCH in subframes configured for transmission of paging messages.

It was proposed to clarify the sentence “subframes configured for transmission of paging messages” as “subframes configured for transmission of paging messages; that is, subframes with a subframe index i equal to any of the paging occasions associated with the configured Ns, as listed in Section 7.2 of [2], and wherein the subframe occurs within a radio frame with system frame number (SFN) satisfying, SFN mod (T/N) = 0”
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