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1. Introduction

RAN1 has received the LS [3], asking whether RAN2 should consider introducing measures to handle the fact that the UE is currently unaware of the paging subframes on SCells:

RAN2 noted that a similar problem as identified (in [1]) for PCell may also exist for SCell configured with CSI-RS configuration. Currently in Rel-10, the UE is not informed the paging configuration of the SCell since the UE does not need to receive either paging or System Information including paging configuration from the SCell. To introduce this to Rel-10 would require for example the adding of the paging configuration of the SCell in Rel-10 dedicated RRC signalling or alternatively introducing limitations to paging configurations among cells.
According to 36.211, the UE shall assume that CSI-RS will not be transmitted in a subframe configured for paging for any UE with the cell-specific paging configuration. Therefore the UE assumes that PDSCH is not rate-matched around configured CSI-RS in these paging subframes. Clearly it is essential that the UE and eNB always have the same assumption about the PDSCH rate matching. However, the UE does not know the cell-specific paging configuration of SCells as the RRC Connected UE does not need to know the paging configuration of the SCell. 
This contribution analyzes the handling of CSI-RS in relation to paging subframes on SCells and suggests possible solutions.
2. Discussion
We analyze here three possible ways to handle the situation of CSI-RS and paging subframes on SCells:
· Solution 1: The UE assumes that the configured CSI-RS transmissions on SCell(s) always take place, since the UE does not know the paging configuration on the SCells and therefore behaves as if there are no paging subframes on the SCell(s).
This behaviour would have minimal standards impact, although it would be useful to clarify in 36.211 that the UE shall assume that configured CSI-RS are always transmitted on SCell(s) as if there are no paging subframes on SCell(s). 

Various implementation-based options are then available to the eNB: 

a) The network makes sure that there is no collision between CSI-RS transmission and paging occasion on the SCell. According to the paging occasion definition [4], paging occasion may be subframe #0, #4, #5 and #9 in FDD; and subframe #0, #1, #5 and #6 in TDD. So the network should configure the CSI-RS so that they do not occupy these subframes. However in TDD, there are only limited downlink subframes. Especially for UL/DL Configuration 0, the network cannot find other available downlink subframes for CSI-RS configuration if paging occasions are in subframe #0, #1, #5 and #6. Under this situation, the paging occasion and CSI-RS transmission will inevitably collide. 
In FDD, if Almost Blank Subframes (ABS) are configured (which may be in subframe #1, #2, #3, #6, #7, and #8) and it is desired to avoid transmitting CSI-RS in the ABS on the SCell, it will again be hard to avoid collisions between CSI-RS and paging subframes.
Nevertheless, if a collision between configured CSI-RS and a paging subframe does happen, the situation is not catastrophic, as shown by options (b), (c) and (d) below:  
b) In paging subframes on a SCell, the eNB may decide to transmit CSI-RS in all PRBs, including paging subframes. The CSI-RS are punctured into the PDSCH in PRBs where paging messages are transmitted (giving some loss of performance for the paging message, but this is no worse than the normal impact of CSI-RS on Rel-8/9 UEs, and decoding of the paging messages should be still possible if the code rate is low enough). The PDSCH in PRBs not used for paging messages is rate matched around the CSI-RS. With this solution, the CSI measurements on SCell are not impacted at all.
c) In paging subframes on a SCell, the eNB transmits CSI-RS only in the PRBs not used for paging messages. This avoids any impact on the paging messages, but degrades the CSI measurements for the UEs for which the CC is a SCell (CSI measurements for any other UEs for which the CC is a PCell would not be affected).
d) In paging subframes on a SCell, the eNB does not transmit CSI-RS at all. In this case the PDSCH in PRBs not used for paging messages still has to be rate-matched around the CSI-RS positions, because this is assumed by the UE. Like (c), there is no impact on paging messages, but there is maximum impact on CSI measurements.
Therefore we can make the following observation:
Observation: The eNB may try to avoid collisions between paging and CSI-RS transmissions, but such collisions may be unavoidable in certain TDD or ABS configurations. Such collisions can be handled by implementation means in the eNB, with some resulting degradation of either the paging message decoding or CSI measurements.
· Solution 2: New signalling is introduced to inform the UE about the cell-specific paging configuration on the SCell(s), so the UE can assume that CSI-RS will not be transmitted in a subframes configured for paging for any UE with the cell-specific paging configuration.
         This solution is simple but would require new RRC signalling and modification to the ASN.1. 
· Solution 3: The UE assumes that the cell-specific paging configuration of the SCell is the same as the PCell.
Like solution 1, this solution would have a minimal RAN1 standards impact: it would simply be necessary to specify that the UE shall assume the same paging configuration on the SCells as on the PCell for the purpose of CSI-RS.  The UE would then utilize this assumption to know whether rate-matching around CSI-RS is performed for PDSCH decoding. The network would then have the choice of either restricting the cell-specific paging configuration on the SCell(s) to being the same as the PCell, or, if the paging subframes were actually different (unknown to the UE), using any of the implementation solutions (b), (c), and (d) described above in case collisions between CSI-RS and the actual SCell paging subframes could not be avoided. Note that it is not obvious that the paging subframes would necessarily be the same across CCs, and this is probably more a question for RAN2 than RAN1. 
In principle, any of the above solutions would work. RAN1 should therefore decide whether to:

· Specify the assumption that the UE shall make regarding CSI-RS transmission on SCell(s), e.g. the UE shall assume that all configured CSI-RS are transmitted on SCell(s), 

or
· ask RAN2 to consider another solution like introducing RRC signalling to indicate the SCell paging subframes.

3. Conclusions
In this contribution, we have discussed CSI-RS transmission on the SCell(s). 
RAN1 should decide whether to:

· Specify the assumption that the UE shall make regarding CSI-RS transmission on SCell(s), e.g. the UE shall assume that all configured CSI-RS are transmitted on SCell(s), 

or
· ask RAN2 to consider another solution like introducing RRC signalling to indicate the SCell paging subframes.
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