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1 Introduction
The RAN4-71AH ad-hoc meeting of June 2014 endorsed a LS to RAN1 [1], asking the following questions on RRM measurements using the discovery reference signal.
Question 1: For studying TP identification based on CSI-RS RAN4 needs to know what information related to CSI-RS configurations shall be available at the UE.
Question 2: It is RAN4 understanding that for DRS based measurements the DRS measurement timing configuration information provided by the network to the UE will be applicable to all cells/TPs on the same carrier. If so then for studying RRM requirements for DRS based measurements RAN4 would like to know whether RAN4 can assume  synchronization between cells/TPs on the same carrier and what is the maximum allowable time offset between DRS occasions of cells/TPs on the same carrier. 

Question 3: Further, RAN4 would like to ask whether DRS measurement timing configuration information provided by the network to the UE is common for all DRS frequency layers. If DRS measurement timing configuration information is not common for all DRS frequency layers, RAN4 would like to know how many different DRS measurement timing configurations can be allowed for a certain UE.

In this contribution, we discuss the work needed in RAN1 to answer these questions, and we provide some elements of response. A draft LS response is provided in [2].
2 TP identification based on CSI-RS
RAN1 agreed that
· TP identification may be represented by e.g., CSI-RS RE configuration, Scrambling ID, Subframe offset, cover code or their combination
RAN1 also agreed that for DRS,

· Scrambling ID of PSS/SSS/CRS is PCID

· Scrambling ID of CSI-RS may be different from PCID

RAN1 also agreed (by email discussion 77-09) that if, in addition, CSI-RS is configured as DRS:
· For CSI-RS as DRS, at least single antenna port 15 with 2 REs per PRB of CSI-RS RE configuration is supported for CSI-RS based RSRP

· FFS whether to indicate the number of CSI-RS ports

· FFS on supporting other antenna port(s) and/or more REs/PRB

· In a DRS occasion, the relative subframe offset between SSS and one CSI-RS RE configuration (or equivalence) can be different for different CSI-RS RE configurations

· For each CSI-RS RE configuration in a DRS occasion, a UE can assume that the corresponding CSI-RS is transmitted in one subframe

· FFS on whether to allow more than one subframe
RAN1 therefore needs to decide which one(s) of the above parameters will be used for transmission point identification. For this decision, the following factors need to be considered:
· The number of unique identities, which would be maximized by allowing all the above parameters to be used for TP identification.
· The detection complexity at the UE, which would be the most complex if all the above parameters need to be blindly detected.
· The possibility for network assistance signaling to inform one or more of the above parameters in order to reduce the UE detection complexity.
The work on small cell enhancements in Rel-12 should be future proof and allow for denser small cell deployments in the future. Therefore, efforts should be made to maximize the number of TP identities. It is however clear that blind detection of all the TP identification parameters would be too complex. In particular, detection of 503 scrambling identities over CSI-RS cannot be achieved with a low complexity detection algorithm as for PSS/SSS. On the other hand, it is much simpler to perform hypothesis testing on a given scrambling identity by energy detection, which would allow low complexity detection of subframe offset and CSI-RS RE configuration.
Proposal 1: TP identification is performed by a combination of CSI-RS scrambling ID, CSI-RS RE configuration and CSI-RS subframe offset. If antenna port 16 can also be used for transmitting CSI-RS in the DRS, then TP identification can also be provided by antenna port 15 or 16.
Network assistance signaling could be made available in certain cases. Whenever the decision to turn on/off a cell or TP is based on traffic load balancing or packet arrival/completion, a certain level of coordination among cells/TPs must be assumed in order to guarantee that each active UE has an available cell/TP at all time. This would be the case for example when coordination of TP on/off is performed within one eNB controlling one or several cells. Note that coordination is in general needed for applying muting.

On the other hand, scenarios where cell on/off is performed based on handover requests may be performed with limited coordination where TP identification may be equivalent to cell identification based on PCID, in which case cell detection based on PSS/SSS/CRS may be sufficient depending on the network density. 
One can therefore safely assume that in cases where on/off coordination is possible, network assistance signaling for RRM measurements based on CSI-RS could be provided for all of CSI-RS scrambling ID, CSI-RS RE configuration, CSI-RS subframe offset, and CSI-RS cover code (or whatever subset of these four parameters is eventually agreed in RAN1).
One may want to allow some amount of blind detection of CSI-RS parameters if the signaling overhead of all CSI-RS parameters is too large. As mentioned earlier, low complexity detection of subframe offset and CSI-RS RE configuration is deemed possible. Whether some limited blind detection of scrambling IDs should be required at the UE should be further discussed. Therefore, RAN1 should determine the minimum UE blind detection capability with respect to the CSI-RS parameters in the DRS.
Proposal 2: If signaling of all CSI-RS parameters used for TP identification incurs too much overhead, then RAN1 should consider a combination of network assistance signaling and limited blind detection in order to maximize the number of unique TP identities, limit the detection complexity of CSI-RS in the DRS, and limit the signaling overhead.
· Blind detection may be limited to CSI-RS subframe offset and CSI-RS RE configuration.
· RAN1 should further discuss whether blind detection of a limited set of scrambling identities (possibly including OCC between AP15 and AP16) may be required for a UE.
3 Synchronization between cells/TPs 

For RSRP/RSRQ measurement accuracy, the worst case is the synchronized case where DRS occasions of all cells collide perfectly. So the RAN4 work on RSRP/RSRQ measurement accuracy should be based on the synchronized case, since it would be possible and desirable in certain networks to synchronize all cells performing on/off on the same carrier.
RAN1 defined the DRS measurement timing configuration (DMTC), where a UE can be configured with at least one DRS measurement timing configuration per frequency:
· DRS measurement timing configuration indicates when UE may perform cell detection and RRM measurement based on DRS

· UE can detect multiple cells based on a DRS measurement timing configuration on the frequency

· UE can expect DRS in DRS measurement timing configuration

· DRS measurement timing configuration includes at least period and offset and potentially duration

· The reference timing for the offset is the primary serving cell’s timing (in a later agreement)

How does the network ensure that the DRS will be “in the DRS measurement timing configuration”, i.e. that the entire DRS occasion duration for a cell is in the search window of the UE where the search window start time and duration is based on the configured “DMTC gaps”? The DMTC duration may or may not be signaled. If it is not signaled, then it should be pre-defined (fixed by design). For RRM measurements with a measurement gap the DMTC duration needs to be upper bounded by the gap duration. A similar situation occurs for intra-frequency measurements where the DMTC gap plays the role of the measurement gap.

Network operation based on DRS must rely on the macro layer (PCell) and the pico layer being sufficiently well synchronized and coordinated, since the reference timing for the DMTC offset is the PCell’s timing:

1. A measurement gap pattern or DMTC pattern cannot be randomly configured even in a perfectly well synchronized network (it was agreed not to change the measurement gap configuration).
2. Signaling DMTC subframe offset relative to the PCell presumes that SFN of all (relevant) cells across all (relevant) frequency layers is known (where the relevance is with respect to being configured to perform on/off based on Rel-12 DRS).
3. Network planning must ensure that DRS transmissions of any two cells are almost perfectly aligned with a common periodic grid contained in the configured DMTC pattern (e.g. a 40 ms periodic grid based on the current agreement that 40 ms is the smallest period of the DMTC).
In other words, DRS occasions should be exactly or almost exactly coinciding with the measurement gap pattern or DMTC pattern. If any of these three conditions is not met, then some cell will not be measurable. This case should not be relevant, since it would not be possible for a network to turn on/off cells for which no measurements are reported. We should thus assume that all three conditions above are always valid.
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Figure 1 - Timing of DMTC and DRS occasions
To illustrate this, Figure 1 shows a DMTC periodic pattern (yellow) and several cells transmitting DRS on a given carrier frequency. DRS occasions of cells 1, 2 and 3 entirely fall within a DMTC gaps. For these 3 cells, if we assume that SSS of the DRS occurs in the first subframe of the DRS occasions, then there is no time offset between the DRS occasions of these 3 cells.

Figure 1 also shows the case where the DRS occasions of cell 5 are not contained within the DMTC gaps. Cell 5 can obviously not be measured based on this DMTC pattern. Since a UE can only be configured with a single DMTC per frequency, the DRS configuration of cell 5 is not appropriate. No measurement requirement needs to be defined for cell 5.

Figure 1 also shows the case where the DRS occasions of cell 4 are almost aligned with the DRS occasions of cell 2 and still fall within the DMTC gaps. The DRS of cell 4 is still measurable by the UE. Thus a certain amount of offset is still tolerable between the DRS occasions of two cells. The maximum offset thus depends on the DRS occasion duration and the DMTC gap duration.

The largest misalignment of subframe boundaries of two cells on the same carrier frequency is one slot. For configuring the DMTC, the network knows where any other cell’s SFN 0 starts within a 1 ms uncertainty window relative to the PCell timing. Then in a 6 ms measurement gap, taking out roughly 1 ms for tuning/re-tuning and AGC settling time, it is possible for the network to signal the DMTC subframe offset relative to the PCell with a 0.5 ms margin at the start of the gap. Since the DRS occasion duration is an integer number of subframes, one slot misalignment gives a constraint that the DRS occasion duration cannot be larger than 4 ms. This does not fit RAN1 current assumption of up to 5 ms DRS occasion duration. In order not to impose a maximum duration of 4 ms for a DRS occasion, the maximum misalignment should be smaller than one slot.
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Figure 2 - Misalignment of DRS occasions
Figure 2 shows two cells with a subframe boundary misalignment exactly equal to one slot, for which both 5 ms DRS occasions fall within one 6 ms DMTC gap (or RRM measurement gap), and another small offset with the PCell exists. While this may be fine for CRS-based RSRP measurements on the DRS, a much smaller offset should be guaranteed for CSI-RS-based RSRP measurements on the DRS since muting (ZP CSI-RS) should be applied between neighbour cells. In this case, the time offset between two cells should not be larger than the cyclic prefix length. 
Observation: Given the previous RAN1 agreements on the DRS measurement timing configuration, the maximum offset between SFN boundaries of the PCell and small cells performing on/off based on DRS (on the same and other frequencies) should not exceed one slot. An offset smaller than the cyclic prefix length should be guaranteed for CSI-RS-based RSRP measurements.
Proposal 3: Synchronization between cells/TPs on the same carrier can be assumed with a maximum allowable time offset between DRS occasions of cells/TPs on the same carrier equal to the cyclic prefix length. The same assumption can be made between the PCell and cells on another frequency.
4 DRS measurement timing configuration 
RAN1 agreed that
· A UE can be configured with one DRS measurement timing configuration (DMTC) per frequency

· The reference timing for the offset is the primary serving cell’s timing

· No new measurement gap pattern is introduced for DRS-based measurement

This RAN1 agreement was not limited to inter-frequency measurements. In fact, it is our understanding that the DMTC should always be provided for a UE configured to measure DRS on any frequency layer. A few questions were raised in RAN4. Should the network guarantee that all cells performing on/off transmit DRS in every measurement gap configured for a UE? The answer should be positive, however then one should consider the impact of allowing different UEs to be configured with different measurement gap patterns. As pointed out in [3], this would put a large burden on the network and DRS overhead. The introduction of DRS also requires a DMTC pattern for intra-frequency measurement. Therefore, allowing too many different DRS measurement timing configurations for different frequencies may lead to a heavy burden on the network side. RAN1 should consider limiting the maximum number of DMTCs per UE.
We see no strong need for different cells on the same frequency to transmit DRS in different DMTC gaps, but it is necessary to allow intra-frequency and inter-frequency measurements to occur at different times. 

Proposal 4: A UE can expect that all cells/TPs transmitting DRS on a carrier frequency transmit DRS in every measurement opportunity indicated by the DRS measurement timing configuration.
Figure 3 shows when a UE performs intra-frequency and inter-frequency measurements, assuming DRS transmissions from cells are aligned across frequencies. If a single DMTC is configured and applies to all frequencies where the UE measures DRS, then the DMTC period should be configurable to be shorter than the period of the measurement gaps, otherwise the UE would not be able to perform intra-frequency measurements. Considering that the minimum period of the measurement gap is 40 ms, RAN1 should adopt 20 ms as a possible period for the DMTC period and DRS period.
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Figure 3 - DRS timing with measurement gaps
Practically for the case of Figure 3, the UE could instead be configured with two DMTCs of 40 ms period with an offset of 20 ms relative to each other, i.e. one DMTC is for intra-frequency measurements and another DMTC is for inter-frequency measurements corresponding to the yellow patterns. However a cell should still be able to transmit DRS with a 20 ms period to allow measurements by all UEs with different intra/inter-frequencies, i.e. also including the purple patterns. Thus is seems sufficient and simpler to support a single DMTC across all frequencies for which a UE measures DRS.
Proposal 5: It is sufficient to configure a UE with a single DRS measurement timing configuration (DMTC) across all frequencies for which the UE is configured to measure DRS. In order to allow different measurement times for intra-frequency and inter-frequency measurements with a 40 ms measurement gap pattern, the DMTC period should be configurable to 20 ms.
5 Conclusion
In this contribution, we have discussed the aspects that RAN1 needs to consider to answer questions from the RAN4 LS [1], and we provided some elements of response. A draft LS response is provided in [2]. The following proposals were made to progress towards a LS response to RAN4.
Proposal 1: TP identification is performed by a combination of CSI-RS scrambling ID, CSI-RS RE configuration and CSI-RS subframe offset. If antenna port 16 can also be used for transmitting CSI-RS in the DRS, then TP identification can also be provided by antenna port 15 or 16.
Proposal 2: If signaling of all CSI-RS parameters used for TP identification incurs too much overhead, then RAN1 should consider a combination of network assistance signaling and limited blind detection in order to maximize the number of unique TP identities, limit the detection complexity of CSI-RS in the DRS, and limit the signaling overhead.
· Blind detection may be limited to CSI-RS subframe offset and CSI-RS RE configuration.
· RAN1 should further discuss whether blind detection of a limited set of scrambling identities (possibly including OCC between AP15 and AP16) may be required for a UE.

Proposal 3: Synchronization between cells/TPs on the same carrier can be assumed with a maximum allowable time offset between DRS occasions of cells/TPs on the same carrier equal to the cyclic prefix length. The same assumption can be made between the PCell and cells on another frequency.
Proposal 4: A UE can expect that all cells/TPs transmitting DRS on a carrier frequency transmit DRS in every measurement opportunity indicated by the DRS measurement timing configuration.
Proposal 5: It is sufficient to configure a UE with a single DRS measurement timing configuration (DMTC) across all frequencies for which the UE is configured to measure DRS. In order to allow different measurement times for intra-frequency and inter-frequency measurements with a 40 ms measurement gap pattern, the DMTC period should be configurable to 20 ms.
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