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1 Introduction
In RAN1#82bis, a discussion on signalling of beneficial operation information in the DL subframes was started [1]:

1/2 or 4/6 OFDM symbol CRS

FFS first partial subframe if supported

End subframe (partial or regular)

If end is a partial subframe, signal the structure of partial subframe 

Number of expected DL subframes (starting from current subframe) in the ongoing transmission burst

Number of subframes after end of DL transmission during which UE need not monitor downlink control information and perform CSI measurements

These subframes may be used for UL transmission or any other purposes by the eNB.

Presence of CSI-RS/CSI-IM

CRS/CSI-RS power
These topics were further discussed in an email discussion [82b-11]. In this contribution, we provide our detailed views on the above issues. Reusing the existing PHICH signal format to signal the identified useful information, as pointed out during an LAA offline session at RAN1 #82b, can be a straightforward solution to support these additional signalling since all UEs already support reception of such signals. It is also beneficial that the PHICH can be detected efficiently after the first OS is received and has high reliability.
2 Discussion on beneficial operation information
2.1 1/2 or 4/6 OFDM symbol CRS (MBSFN or non-MBSFN)

The email discussion has identified the following options:
· Option 1: RRC Configuration

· Option1-1: reusing the RRC configuration of MBSFN subframes

· Option1-2: indicate whether all the subframes contain 4 CRS symbols or whether only subframes 0 and 5 only contain 4 CRS symbols.

· Option 2: UE blind detection

· Option 3: Dynamic signaling

RRC configuration is not a scalable or even suitable solution for the LAA SCells operating in the unlicensed bands. It’s not suitable because bursty traffic arrivals for different UEs requiring different RS transmission modes. It is also not a scalable solution considering the number of aggregated carriers and the number of UEs camping to different carriers. The RRC configuration solution will consume substantial resources on the valuable PCell resource, which can impact support of other essential functions of the PCell, e.g., mobility and fall back from SCell unavailability.
Observation: RRC configuration of CRS transmission modes is not a scalable or even suitable solution for the LAA SCells operating in the unlicensed bands.

Since every SF0 and SF5 has a full set of CRS, the simplest solution is to have also full set of CRS in all other DL subframes. This is beneficial toward time and frequency tracking as necessary as well as to account for the possibility that channel access is obtained at times other than those coinciding with the start of SF0 and SF5. However, this simple solution was not agreed and UE need to determine the number of CRS presence in the subframe. Given the wide bandwidth of the CRS, it’s indeed possible for the UE perform blind detection. But it will take time to buffer OS that potentially contain additional CRS and correlate the signals. Toward reducing the operation latency in UEs, it is beneficial to provide a 1-bit dynamic signal in the first OS to the UE of the CRS structure transmitted in the subframe.
Proposal 1: Toward reducing the operation latency in UEs, it is beneficial to provide a 1-bit dynamic signal in the first OS to the UE of the CRS structure transmitted in the subframe.
2.2 End Partial Subframe: 

It was agreed at RAN1 #82b that the DL transport block in the last subframe of a DL Tx burst can be transmitted using DwPTS structure, or a full subframe. We provide detailed discussion of our proposals on the signaling and related open issues in [3]. For completeness of this contribution, the proposal is repeated below:
Proposal 2: The presence and the length of a DL partial subframe (not limited to the end of a transmission burst) are signaled via a 4-bit dynamic signal in the first OS.
2.3 Number of expected DL subframes (starting from current subframe) in the ongoing transmission burst

The email discussion has identified the following options regarding signaling the number of expected DL subframes in each DL subframe in the ongoing transmission burst:
· Option 1: No signaling is needed

· Option 2: Signaling is carried in DL every subframe. 

· Option 3: Signaling is carried in a subset of DL subframes (e.g. last subframe)

· FFS: Signaling method if signaling is adopted

We have already agreed that subframes within the same transmission burst will have the same power. Hence, indicating whether there are more subframes after this one implicitly indicates that such averaging over these subframes is possible. It should be assumed that such signaled subframes are automatically part of the current transmission burst. This adds to the robustness of the UE demodulation when DL transmission power may vary from transmission burst to transmissions burst. Furthermore, the indication of future subframes allows UEs to average across subframes for channel estimation purposes for the CRS based TMs. 

This signaling provides to the UE the minimum number of future DL subframes it can expect. That is, if such signaling by the eNB indicates the presence of some number of future subframes, these subframes should be transmitted. Any changes to this information in an upcoming subframe can simply provide additional information about more future subframes but should not change the information that was already indicated in previous subframes. This can allow the eNB to, for instance, provide information about the next 3 subframes while not committing to how the Tx burst looks for the subframes after these. At the same time, it can allow the UE sufficient number of subframes to average over without the UE having to worry about when the Tx burst starts or ends.

Proposal 3: The number of upcoming DL subframes is signaled via a 3-bit dynamic signal in the first OS. 
2.4 Number of subframes after end of DL transmission, or the time duration, during which UE need not detect transmission, monitor DCI and perform CSI measurements:

The need to signal the number of subframes after end of DL transmission, or the time duration, during which UE need not detect transmission, monitor DCI and perform CSI measurements was discussed extensively in the email discussion [82b-11]. The main purpose of this signal in Rel-13 is to ensure Rel-13 DL-only LAA UE can operate efficiently and in a compatible way when UL LAA capabilities are introduced in the future (e.g., Rel-14). With information on the subframes that the UE does not need to monitor the DL transmission, the UE can save on power consumption or perform opportunistic measurements on other serving cells, frequencies or systems. The eNB can also use the duration within which the UEs are notified to stop monitoring the DL to perform extended measurement on the channel quality to ensure proper LAA operations.
Proposal 4: The number of subframes after end of DL transmission, or the time duration, during which UE need not detect transmission, monitor DCI and perform CSI measurements is signaled via a 3-bit dynamic signal in the first OS.

2.5 Presence of CSI-RS/CSI-IM:

It has been concluded that it’s unnecessary to signal the presence of periodic CSI-RS and CSI-IM transmission. Signaling of the aperiodic CSI-RS and CSI-IM transmission can be further discussed if such aperiodic CSI-RS/CSI-IM transmission for LAA is supported in Rel-13. 

2.6 Signaling of CRS/CSI-RS power variation

Two options have been identified in the email discussion regarding the signaling of CRS/CSI-RS power variation in LAA:
· Option 1: No signaling is needed

· Option 2: Power variation between current CRS/CSI-RS power and reference CRS/CSI-RS power is signaled

Given the agreement on keeping the power within the transmission burst the same, this signaling is not necessary to account for variations within the transmission burst. 
However, there may be some benefit in indicating the power for the transmission burst relative to the DRS power. Even though this information doesn’t change per subframe, it would be best to simply include it in each subframe so that a UE could read any subframe within the transmission burst and know what the power being used is. Knowing the power within the transmission burst could potentially help in using the CRS within these transmission bursts together with the CRS in the DRS both for CSI as well as for time and frequency tracking purposes although the latter functions could be performed even without this knowledge. If such signaling is included, the number of options should be limited, e.g., 0, -3, -6 dB, in order to minimize the number of bits to be signaled within the subframe.
Furthermore, whether such signal is needed and what the different values of power offset needed can be configured by higher layer. 

Proposal 5: If configured by the higher layer, the relative scaling of the CRS/CSI-RS powers with respect to those in the DRS subframe is signaled via a 2-bit dynamic signal in the first OS.

2.7 Presence of DRS for EPDCCH/PDSCH rate matching and CSI-RS/CSI-IM presence
The email discussion has investigated the handling of DRS multiplexed with PDSCH in subframes other than subframe 0 and 5. The following options have been discussed for EPDCCH/PDSCH rate matching.

· Option 1: signaling the presence of DRS for EPDCCH/PDSCH rate matching is supported

· Option 2: No signaling is needed 

· Option 2-1: UE blind detection of DRS for rate matching

· Option 2-2: PDSCH is always rate matched around DRS within the DMTC window

We note that the rate matching issues for PDSCH/EPDCCH can be side-stepped if these channels are not allocated to the center six PRBs in a DRS subframe that is not subframe 0 and 5. Since the DRS occurrence is at most once every 40 ms, avoiding the center six PRB for PDSCH/EPDCCH does not pose material restriction on the utilization of the LAA SCells.

However, the presence of DRS may have direct impact on the periodic CSI-RS/IM transmission when the DRS is transmitted in a subframe other than subframe #0 or #5. For a UE configured with CRS-RS/IM resources that may be impacted by PSS/SSS presence, it will be helpful to receive such a 1-bit dynamic signaling in the subframes within the DMTC window. If the dynamic signaling is provided to help UEs checking CSI-RS/IM, the same dynamic signaling within the DMTC window can also be used by other UEs.

Proposal 6: UE can check whether a subframe within the DMTC window carries the DRS via a 1-bit dynamic signal in the first OS.

3 Discussion on signalling format

The conclusion from the Study Item recommends adopting an asynchronous UL HARQ protocol for LAA UL operations. As a result, the legacy PHICH signal designed for synchronous UL HARQ operation becomes obsolete for an LAA SCell. It was pointed during an LAA offline session at RAN1 #82b that this existing PHICH signal format can be re-purposed for broadcasting the beneficial operation information identified in the above. This is a straightforward solution since all UEs already support reception of such a signal. It is also beneficial that the PHICH can be detected efficiently after the first OS is received and has high reliability.

The number of PHICH groups for normal cyclic prefix is given in the existing LTE specs by
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where Ng ∈{1/6, 1/2, 1, 2} is given by the higher layer. For 20MHz LAA SCell, Ng = 1/6 can be used to create 3 PHICH groups.  One PHICH group can carry 8 information bits using 8 spreading sequences. The beneficial operation information identified in the above can be carried by two PHICH groups. Two alternatives can be considered. One is to distribute the identified bits across all three PHICH groups. Another is to distribute these bits across the first two groups and leave the third group for future use.
Furthermore, it may be beneficial to fix the number PHICH groups for LAA SCells directly (e.g. 3) without resorting to the legacy parameter Ng and the system bandwidth. This can allow clean LAA specifications and avoid resource waste when the existing Ng values lead to more PHICH groups than needed.
Proposal 7: Existing PHICH signal format can be reused to carry beneficial operation information for an LAA SCell in the first OS efficiently and reliably. The number of PHICH groups can be fixed to three for an LAA SCell regardless of system bandwidth.
4 Conclusion

In this contribution, we investigated the signalling of beneficial operation information in the DL subframes. We propose

Proposal 1: Toward reducing the operation latency in UEs, it is beneficial to provide a 1-bit dynamic signal in the first OS to the UE of the CRS structure transmitted in the subframe.

Proposal 2: The presence and the length of a DL partial subframe (not limited to the end of a transmission burst) are signaled via a 4-bit dynamic signal in the first OS.
Proposal 3: The number of upcoming DL subframes is signaled via a 3-bit dynamic signal in the first OS. 

Proposal 4: The number of subframes after end of DL transmission, or the time duration, during which UE need not detect transmission, monitor DCI and perform CSI measurements is signaled via a 3-bit dynamic signal in the first OS.

Proposal 5: If configured by the higher layer, the relative scaling of the CRS/CSI-RS powers with respect to those in the DRS subframe is signaled via a 2-bit dynamic signal in the first OS.

Proposal 6: UE can check whether a subframe within the DMTC window carries the DRS via a 1-bit dynamic signal in the first OS.

Proposal 7: Existing PHICH signal format can be reused to carry beneficial operation information for an LAA SCell in the first OS efficiently and reliably. The number of PHICH groups can be fixed to three for an LAA SCell regardless of system bandwidth.
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