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1 Introduction
In RAN1 #77, numerous aspects of the design of the discovery signal were agreed. The gist of the agreements is summarized in the following. It was agreed that the UE can assume the presence of the PSS/SSS/CRS in the DRS and, in addition, CSI-RS if configured. RSRP measurements using both CRS and CSI-RS are supported. Support of RSRQ measurements on CRS, CSI-RS or both is still under discussion including in an email discussion that was inconclusive. It was also agreed that for DRS based measurements, the UE can only assume the presence of the DRS. A DRS occasion for a cell comprises five or less subframes which contain PSS, SSS and at least one port of CRS (transmitted in all DL and DwPTS subframe regions) and possibly multiple CSI-RS RE configurations. For the CSI-RS, at least a single antenna port 15 is supported, transmitted in one subframe of the DRS occasion. The relative subframe offset between the subframe carrying the CRS and the SSS can be varied. A DRS occasion for a cell is transmitted at least with periodicities of 40, 80 or 160 ms.
The following remaining questions need to be resolved.

1) Whether the number of subframes in a DRS occasion is fixed or configurable
2) Relationship to restricted measurement subframes
3) Use of antenna ports other than port 15 and the number of REs/PRB
4) Whether to allow CSI-RS in more than one subframe
5) Representation of transmission point (TP) ID
6) RRM measurement configuration and procedures
7) Network assistance for CSI-RS based measurements
8) RSSI definition for DRS based RSRQ measurements
9) The number of different DRS measurement timing configurations (DMTC) per UE

10) Level of synchronization between cells configured for DRS measurements on the same carrier frequency
In this document, we address issues 6, 9 and 10. Issues 1-5 are addressed in [1]. Issues 7 and 8 are discussed in [2] and [3]  respectively.
2 Discussion

In the email discussions following RAN1#77, the following was agreed

Agreements (regarding DRS-based RRM measurement):
· 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
Agreement (regarding measurement gap for DRS-based measurement):
· No new measurement gap pattern is introduced for DRS-based measurement 
There has also been further discussion regarding how RRM measurement procedures can be configured and how the aspects of DRS occasions, DMTCs and measurement gaps can work together to ensure efficient operation of the system. Furthermore, another related question is how these aspects work along with the use of DRX cycles at the UE for managing UE power consumption.
2.1 Requirements
We first note the following requirements for efficient system operation.

1) All UEs should not disappear from the serving cell at the same time to make intra-frequency measurements
2) All inter-frequency measurements should be capable of being performed in the UE measurement gap
3) DRS based measurements should not have an undue effect on UE power consumption reduction via DRX
These requirements have some further implications. First, any UE that needs to make inter-frequency measurements during measurement gaps must have a DRS occasion available on cells in its own carrier frequency for making intra-frequency measurements outside the measurement gap periods. Second, during the measurement gap periods, DRS occasions must be available for cells on other frequency carriers so that the UE can make inter-frequency measurements. Also, if a cell does not want to suffer a forced 6 ms period where no UEs can be scheduled, the eNB needs to configure at least two different measurement gaps (with different offsets) across all the UEs being served by the cell. 
Since DRS measurements can be configured whether the cell is off or on, when any cells on a frequency layer are performing on/off, it is better for the network to configure DRS based measurements for all cells on the frequency layer. Importantly, situations where measurements based on different reference signals need to be compared, can be avoided. CSI-RS based measurements in the DRS can be used so that they are always compared only with other CSI-RS based measurements. If comparison with legacy CRS based measurements is needed, then CRS based measurements can be used for the DRS as well. For instance, if CRS based measurements based on the DRS are used on one carrier frequency and legacy CRS based measurements are configured on another carrier frequency, then such measurements can be made comparable by configuring the DRS measurements with the appropriate periodicity. 
2.2 RRM Measurement Configurations
In the following, we discuss some possible RRM measurement configurations that can satisfy the above requirements. In this section, we assume that the cells within a carrier frequency and across carrier frequencies are synchronized and the non-synchronous case will be discussed in a later section. Figure 1 shows a possible configuration of DRS occasions and measurement gaps for three carrier frequencies on the small cell layer. In this example, the DRS occasion has a periodicity of 40 ms, while the measurement gaps for any single UE are set up with an 80 ms periodicity. In this case, the DRS measurement timing configuration (DMTC) for a frequency could also be set to be aligned with the measurement gaps or alternately, it could be set up to align with the DRS occasion. In the former case, the DMTC and DRS occasion periodicity would be different (80 vs. 40 ms), while in the latter case they would be the same (both with 40 ms). For the latter case, the UE would be using only half of the occasions indicated by the DMTC for inter-frequency measurements due to the restriction imposed by the measurement gap periodicity (80 ms). The DRS occasion and the DMTC signaled to the UE for the serving frequency and the non-serving frequencies would be different so as to allow the UE to make measurements on the serving frequency at different times than the non-serving carrier frequencies. Thus, the UE could be signaled a DRS occasion and DMTC aligned with measurement gap 1 (as shown in the figure) for the non-serving carrier frequencies, but be signaled with a DRS occasion and DMTC aligned with measurement gap 2 for the serving frequency. It may be noted that in this configuration the UEs could be partitioned into two groups with two different measurement gaps as shown in the figure. Of course, the carrier frequency shown as the serving frequency also transmits DRS with the same timing and periodicity as the other carrier frequencies.
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Figure 1: One example configuration of DRS occasions and measurement gaps
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Figure 2: Another example configuration of DRS occasions and measurement gaps

Another possible configuration is shown in Figure 2. Here, each cell transmits multiple DRS occasions which do not have to be evenly spaced. The measurement gaps are configured to align with the DRS occasions and the DMTCs align with the DRS occasions and have the same periodicity. Different groups of UEs are assigned different measurement gaps. Each group of UEs is not aware of the DRS burst transmissions in the other occasions. Hence, only the DRS occasions that have been signaled (if they are signalled) or the DMTC configurations that have been signaled are used both for inter-frequency and intra-frequency measurements. As before, the DRS occasions and DMTCs are signaled with different timing for the serving and non-serving carrier frequencies. The advantage with this approach is that the number of groups can be increased more flexibly since the periodicities of the DRS occasions are not restricted to be some multiple of the offsets between the multiple DRS occasions. Therefore, as shown in this example, three UE groups can easily be accommodated at the cost of increased overhead in transmissions and consequently reduced interference reduction and energy savings. The number of UE groups can be flexibly determined and configured based on the load in the network and features of the deployment.

[image: image3]
Figure 3: Another example configuration of DRS occasions and measurement gaps

A third possible configuration is shown in Figure 3 where the DRS occasions between different carrier frequencies are staggered so that the UE can measure cells on each carrier frequency in a subset of the measurement gap periods. This allows the UE in any of the measurement groups to perform measurements on cells in both the carrier frequencies. The DRS occasions and DMTCs can be aligned in this case although the measurement gaps occur more frequently.

From the above illustrations, we can conclude that the following proposals can allow ample flexibility in setting up the measurement configurations based on the deployment.
Proposal: A UE is configured with at most one DMTC per carrier frequency. Different DMTCs can be configured for different frequencies.

Proposal: The duration of the DRS occasions is the same for all cells on a carrier frequency.
2.3 Asynchronous Cells with DRS
In this section, we consider the case where the cells within a carrier frequency are not tightly synchronized, but are synchronized so that the time offset between any two cells can be offset by a few ms. It should be noted that CRS based measurements in the DRS should be used in this case since the CSI-RS are not as useful without synchronization and use of zero power CSI-RS to manage interference. If the offset is less than 3 or 4 ms, considering that the measurement gap is 6 ms long, this allows the UE to detect a DRS burst of duration 2 ms or less for inter-frequency measurements. For intra-frequency measurements, the DMTC could be similarly set to indicate a measuring duration of 6 ms so that the sum of the timing uncertainty and the DRS duration fits within the measurement window. For cases where the offset is more than 4 ms, some additional CRS transmissions may be needed from the cell before and after the DRS occasion. Considering the above and with the aim of supporting both the synchronous and asynchronous cases, we propose the following.

Proposal: A UE is signalled a DMTC configuration with periodicity, duration and offset per carrier frequency to be measured. In addition, it is also signalled a single duration for the DRS occasions used by cells on the carrier frequency.

3 Conclusion
In this contribution, we discussed some aspects of discovery signals and proposed the following.
Proposal: A UE is configured with at most one DMTC per carrier frequency. Different DMTCs can be configured for different frequencies.

Proposal: The duration of the DRS occasions is the same for all cells on a carrier frequency.

Proposal: A UE is signalled a DMTC configuration with periodicity, duration and offset per carrier frequency to be measured. In addition, it is also signalled a single duration for the DRS occasions used by cells on the carrier frequency.
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