
3GPP TSG-RAN WG1 #77
R1-142311
Seoul, Korea, 19th – 23rd May, 2014
Agenda item:
6.2.3.2.3
Source: 
NVIDIA
Title: 
Details of discovery signal design
Document for:
Discussion/Decision
1. Introduction
In RAN1#76bis, the following agreements were reached on discovery signal design:
Agreements:

· A DRS comprises following signals
· Both PSS and SSS are transmitted

· Additional reference signal(s) include CRS and/or CSI-RS
· FFS: Changing mapping of PSS/SSS, CRS, CSI-RS
Agreements:

· Further down select of following alternatives of DRS in RAN1 #77 meeting

· Alt. 1: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CRS with configurable
· Alt. 3a: DRS is PSS/SSS/CRS

· Alt. 3b: DRS is PSS/SSS/CSI-RS

· Alt. 5: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CSI-RS with configurable
Agreements:

· Rel. 12 discovery signal should identify transmission point

· Rel. 12 discovery signal should facilitate small cell on/off

In this contribution, we provide our views on the design of discovery signals (DS). Furthermore, related to the last agreement listed above, it was observed during the discussion in RAN1#76bis that a number of companies would like to extend the definition of transmission point (TP) in context of small cell discovery to cover also shared cell ID scenarios in addition to the non-shared cell ID scenarios that have been so far considered in both the study item and the work item. Hence we also discuss whether the scope of small cell discovery should be extended to cover also shared cell ID scenarios.
Note that we have provided our simulation results on RSRP in a companion contribution [1].
2. On the need of CRS
It has already been agreed that PSS and SSS are both included in the discovery signal burst. In addition to PSS and SSS, all remaining options for DS include either CRS or CSI-RS or both of them with configurability.
CRS have been used since Release 8 for all RRM measurements as well as radio link monitoring, among their other purposes. As such, CRS essentially enable the UE to determine whether a connection to a cell is suitable. Even if some other signals would be introduced for improved cell detection or for other purposes, CRS are always needed to enable this conventional cell association. Basically, CRS are the only reference that can be used to determine whether e.g. System Information will be accessible by the UE (RLM). It is noted that CRS are also needed to ensure that RRM measurements corresponding to different cells are comparable as required for instance by the measurement report triggering event A3, and by the network when making handover decisions.
Based on the above, the UE should always make at least CRS-based measurements. There may be three types of cells on a given frequency:

1) Cells performing on/off and utilizing discovery signals, in on state

2) Cells performing on/off and utilizing discovery signals, in off state

3) Cells not performing on/off and not utilizing discovery signals (e.g. cells without Release 12 support)

Basically, since it is always possible that legacy cells exist on the measured carrier frequency, the UE will need to at least make RRM measurements using legacy (PSS/SSS/CRS) signals. From a UE perspective, it would be highly beneficial if there would not be any need to perform two types of measurements for the same purpose (cell association), depending on whether the cell is DS-enabled or not, or depending on the on/off state of the cell. To avoid the need to make two types of measurements, cells performing on/off should transmit the same discovery signals independently of the on/off state. Furthermore, if the discovery signals are PSS/SSS/CRS –based, both the legacy cells as well as the Rel-12 cells utilizing on/off can be measured with the same procedure. In that case, basically the UE can measure all cells on a given frequency assuming presence of discovery signals. Avoiding two types of measurements is a major benefit of the PSS/SSS/CRS –based discovery signal design and any other kind of design should show significant advantages over the PSS/SSS/CRS –based DS.
It is noted that in [1], we have provided our evaluation results on the RSRP measurement performance utilizing PSS/SSS and CRS. It is shown that the measurement performance, in particular when combined with Tx-side muting schemes, is sufficient. During RRM measurements such Tx-side muting can be even transparent to the UE (obviously, for rate matching purposes in the serving cell the UE would need to be aware of Tx-side muting for discovery signals). In [2] we showed also our results on cell detection performance, illustrating that either with receiver-side IC schemes or with Tx-side muting also the cell detection performance is very good.
In addition to RRM measurements, CRS are required for many other purposes as well. Legacy UEs typically perform cell detection verification using CRS to lower the impacts of false detections and it would be beneficial to retain such functionality. Furthermore, depending on the details of the small cell on/off schemes [3], discovery signals may need to provide the possibility of fine time/frequency tracking (setting the FFT window accurately for demodulation purposes), automatic gain control (AGC) and radio link monitoring. Possibly also CSI feedback may need to be possible based on discovery signals. If discovery signals are required for these purposes, it would be highly beneficial to include CRS as part of the DS in order to maximize reuse of existing implementations.
Observations:

· RRM measurements need to reflect whether a cell is suitable for a connection, and be comparable with existing CRS-based RRM measurements.

· Enabled by including CRS as part of discovery signals.

· CRS are needed also at least for cell detection verification.
· Including CRS as part of discovery signals avoids the need to perform two types of RRM measurements on a given frequency carrier.
· In addition, depending on the details of small cell on/off schemes, CRS may also be needed for:
· Fine time and frequency synchronization

· Automatic gain control
· Radio link monitoring

· CSI feedback

3. On the need of CSI-RS

Based on the above discussion, our view is that at least CRS clearly need to be included in the discovery signal burst. Whether CSI-RS are needed in addition to CRS depends then on the exact use cases that discovery signals are supposed to support. As mentioned, during the online discussion in RAN1#76bis, a number of companies expressed the wish to support identification of individual transmission points also in a shared cell ID scenario in addition to the non-shared cell ID case that has been discussed so far. However, the purpose of such TP identification was not clear, and whether only intra-frequency TP identification would be required or also inter-frequency TP identification. 

Two potential use cases of TP identification in shared cell ID scenarios can be identified. First is CoMP, where identification and RRM measurement corresponding to individual TPs would aid the eNB to configure CSI processes to the UE, including proper CSI-RS and CSI-IM resources. Currently the eNB needs to utilize other means, e.g. uplink signals, for configuring the CSI processes to the UE in shared cell ID scenarios. However, since CoMP enhancements have so far been completely outside of the study and work item, no evaluations of benefits of this scheme have been made available. It is further noted that even if CSI-RS would be introduced to complement CRS, at least for CoMP purposes CSI-RS –based measurements should clearly be applied only as intra-frequency measurements. The UE anyway needs to be associated with the cell before any CoMP techniques can be applied.
The other potential use case of TP identification in shared cell ID scenarios is transmission point on/off. The benefits and feasibility of transmission point on/off in shared cell ID case are quite different from the non-shared cell ID case that so far has been evaluated during the study and work item. Firstly, the main benefit of small cell on/off comes largely from CRS interference reduction. In shared cell ID case, within one cell there is no CRS interference problem to start with. Hence, in shared cell ID case, transmission point on/off would be only intended to improve network energy efficiency, by enabling some transmission points to be switched off. On the other hand, such an operation would mean that the subset of transmission points transmitting CRS could vary subframe by subframe. This would mean significant fluctuations in the received CRS power in the cell. Since CRS need to reflect the connection quality to the cell, such fluctuations might cause some unpredictable behavior or even radio link failures as it is not known by the network what kind of impacts shutting down the CRS from one TP would have on the overall received CRS power at a particular UE. It is also not clear what such fluctuations would mean from UE receiver (e.g. AGC) perspective. Again we note that until RAN1#76bis, TP identification and transmission point on/off in shared cell ID scenarios have been basically out of scope of the study and work item and practically no studies have been made on such schemes. Hence further evaluations would be needed on the impacts of shutting down a subset of transmission points on the received CRS power. Additionally, transmission point identification for transmission point on/off purposes might also require inter-frequency CSI-RS –based TP discovery and RRM measurements to be performed. While CSI-RS perform well with perfect RE muting in a tightly synchronized network with a large bandwidth as shown in the study item TR [4], it is not clear whether the performance is still sufficient with 6 PRBs – note that so far UE implementations may perform inter-frequency cell search and RRM measurements using only a 6 PRB measurement bandwidth.

Finally, similarly to CRS, depending on the details of the small cell on/off schemes, CSI-RS may need to be included in the discovery signals for CSI feedback purposes in context of transmission modes 9 and 10.
Observations:

· CSI-RS might assist in configuring CSI processes to the UE after the UE has been associated with a cell.
· However, the benefits of such CoMP enhancements have not been studied.
· CSI-RS could, in theory, enable transmission point on/off in shared cell ID scenarios.

· However, there are no benefits in terms of CRS interference reduction of such operation.

· Impacts of the resulting fluctuations in CRS received power would need more thorough studies.

· In addition, depending on the details of small cell on/off schemes, CSI-RS may also be needed for CSI feedback.
4. Discussion

Based on the above discussion it seems clear that CRS are needed in the discovery signals, and whether CSI-RS are needed in addition depends on the additional use cases that are deemed to be supported. It is noted that in addition to the discussion above, for cell discovery and measurements, CRS have some significant benefits over CSI-RS in terms of required network assistance. Basically, small cell discovery based on PSS/SSS/CRS can be performed by the UE with very little assistance, as essentially only the discovery signal periodicity and offset are needed as already agreed. CSI-RS on the other hand, would require configuration of the used CSI-RS resources and scrambling sequences to the UE. From network perspective it would require significant efforts to plan and configure the CSI-RS assistance information into the eNBs. Obviously, it should be possible to utilize discovery signals with completely UE-autonomous cell detection, i.e. without any heavy network assistance. The benefits of CSI-RS over CRS, on the other hand, could be questioned. It has been shown that RRM measurement performance may improve in a tightly synchronized network with very good CSI-RS RE muting planning. However, it has not really been shown that there would be any problem with the CRS RRM measurement performance which, as shown in [1], can also be good.
Regarding the details of the discovery signal burst, PSS/SSS could be transmitted within their legacy positions unless some kind of Tx-side muting is deemed to be required, i.e. in either subframe 0 or 5 depending on the configuration. CRS can be transmitted in the same subframe, in the legacy RE positions. Additionally, as discussed in [1], muting of PDSCH within the OFDM symbols carrying CRS could be considered for improved RRM measurement performance. When the cell is off, the subframe with PSS/SSS/CRS could occur for instance every 40 ms or 80 ms to align with the existing measurement gap patterns (however also new measurement gap patterns, e.g. burst measurement gap patterns, could be considered). 
5. Conclusion 
In this contribution we have discussed the alternatives for discovery signal design agreed in RAN1#76bis. Our conclusion is that at least CRS are needed within the discovery signal burst. We have the following proposals:

Proposals:

· Discovery signals shall contain PSS/SSS and CRS.

· The discovery signal burst containing PSS/SSS/CRS comprises one subframe transmitted with a configured periodicity and offset.

· E.g. 40 ms or 80 ms periodicity.

· Within the subframe, PSS/SSS and CRS are transmitted in their legacy RE positions.

· Tx-side muting of CRS OFDM-symbols can be considered to further improve RRM measurement performance.
Regarding CSI-RS, our current view is that those may not be needed at all within the discovery signal burst. If however CSI-RS are included, CSI-RS resources and scrambling codes shall be informed to the UE. Additionally, due to the poor time offset estimation capabilities of CSI-RS, the UE should be able to assume CSI-RS to be received within a certain time window compared to other signals, e.g. ±2 µs microseconds compared to PSS/SSS or CRS.
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