[bookmark: OLE_LINK1][bookmark: OLE_LINK8]3GPP TSG RAN WG1 Meeting #83	R1-157168
Anaheim, California, USA, 15th – 22nd 2015
Source: MediaTek Inc.
Title: DRS-PDSCH Multiplexing in a DL Transmission burst
Agenda Item:  6.2.3.2
Document for:  Discussion 

1. Introduction
[bookmark: OLE_LINK32][bookmark: OLE_LINK35][bookmark: OLE_LINK20][bookmark: OLE_LINK19][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In 3GPP RAN1 Session #82bits meeting, following points are agreed 
Agreements:
· Every subframe 0 and 5, when transmitted by the eNB, should contain Rel-12 PSS/SSS/CRS where PSS/SSS/CRS in the LAA DRS is a subset of these signals.
· Number of CRS ports should be the same or higher than the number of CRS ports in the DRS.
· FFS: Partial TTI in SF0 and SF5
· FFS: Changes to scrambling for SSS/CRS 
· Note: A UE is only expected to detect and measure cells transmitting DRS during the configured DRS DMTC window (from RAN2 agreements)
· The PSS/SSS/CRS in LAA DRS is a subset of Rel-12 PSS/SSS/CRS.
· FFS: Changes to scrambling for SSS/CRS 

In this paper, we discuss DRS-PDSCH multiplexing with and without the MBSFN like subframes.
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2. [bookmark: OLE_LINK259][bookmark: OLE_LINK260][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK40][bookmark: OLE_LINK258][bookmark: OLE_LINK261][bookmark: OLE_LINK262]DRS-PDSCH multiplexing 
In this section we consider the cases when DRS is multiplexed in a DL transmission burst. From [1], there are two options for DRS-PDSCH multiplexing: 1) DRS-PDSCH multiplexing in any subframe and 2) DRS-PDSCH multiplexing only in subframe 0/5.

2.1 DRS-PDSCH multiplexing in any subframe
DRS may be multiplexed with PDSCH in a DL transmission burst in the following cases. 
· The starting partial subframe occurs in the middle of a configured DMTC and DRS is not transmitted yey


Figure 1 DRS is not transmitted and a TXOP comes
In this case, DRS can be transmitted in the regular (non-partial) subframe within the DMTC. 
· DMTC starts from a non-partial subframe within a DL burst


[bookmark: _Ref433800652]Figure 2 DMTC starts from a complete subframe  within a TXOP
In this case, DRS can be transmitted in any regular (non-partial) subframe within the intersection of DMTC and DL burst. 
· DMTC starts from the ending partial subframe


Figure 3 DMTC starts from the ending partial subframe
Since DRS consists 12 OFDM symbols, DRS can be transmitted in the ending subframe if the length of the ending subframe is larger than or equal to 12 OFDM symbols. 
Therefore, when DRS-PDSCH can be multiplexed in any subframe in a DL burst we have
· DRS is not multiplexed in the starting partial subframe.
· DRS is not multiplexed in the ending partial subframe if the length of the ending partial subframe is smaller than 12 OFDM symbols.
· If DRS is transmitted before the DL transmission burst in a configured DMTC, DRS is not multiplexed in the DL transmission burst.
· If the starting subframe of the DL transmission burst occurs within a configured DMTC, DRS can be transmitted in the first regular (non-partial) subframe.
· If DMTC starts from a regular (non-partial) subframe within a TXOP, DRS can be transmitted in the first candidate position within a DMTC.
Presence of DRS subframe
In some cases, DRS and subframe 0/5 may occur in the same DMTC. As shown in Figure 2, CRS/PSS/SSS from the same cell appear in both subframe 1 and subframe 5. If a UE is always “on”, it can determine the presence of DRS based on the rules mentioned above. However, if a UE is configured with DRX functionality in RRC connected mode and it wakes up from the inactive state, it does not have any information about the DL transmission burst and DRS. So the UE cannot determine the presence of DRS using the procedures mentioned above. In this case, to reduce UE complexity for blind detection, a signaling is required to indicate the presence of DRS.
Observation 1. Signaling of the presence of DRS is required if DRS-PDSCH can be multiplexed in subframes other than subframe 0/5 in a DL transmission burst.

2.2 DRS-PDSCH multiplexing only in subframe 0/5
In this section, we assume DRS-PDSCH can only be multiplexed in subframe 0/5. Since DRS occupies from OFDM symbol 0 to OFDM symbol 11, in a configured DMTC DRS is not multiplexed in subframe 0/5 if it is a starting partial subframe or a ending partial subframe of length smaller than 12 OFDM symbols. Figure 4 shows an example when DRS-PDSCH may not be multiplexed in a DL burst. In this case, the DL burst starts from subframe 1 and ends at subframe 5. Since subframe 5 is a partial subframe, it cannot carry DRS if its length is smaller than 12 OFDM symbols. 


[bookmark: _Ref433646945]Figure 4 An example when DRS is not multiplexed with PDSCH in a DL burst.

Therefore, when DRS can only be multiplexed with PDSCH in subframe 0/5 we have
· DRS is not multiplexed in the starting partial subframe.
· DRS is not multiplexed in the ending partial subframe if the length of the ending partial subframe is smaller than 12 OFDM symbols.
· If DRS is transmitted before the DL transmission burst in a configured DMTC, DRS is not multiplexed in the DL transmission burst.
Presence of DRS subframe
If a UE is always “on”, it can determine the presence of DRS without any problem. If a UE is configured with DRX functionality in RRC connected mode and it just wakes up from the inactive state, it does not have any information about the DL transmission burst and DRS. Thus the UE cannot determine the presence of a DRS subframe. For example, as shown in Figure 5, suppose a UE wakes up in subframe 3 and the DMTC ranges from subframe 0 to subframe 5.


[bookmark: _Ref433802534]Figure 5 DRS and subframe 5 appear in a configured DMTC
As shown in Figure 5, there are many possibilities and thus UE cannot determine the presence of DRS in subframe 5 without any additional information. To reduce UE complexity for blind detection, a signaling is required to indicate the presence of DRS.
Therefore we have
Observation 2. Signaling of the presence of DRS is also required if DRS-PDSCH can only be multiplexed in subframe 0/5 in a DL transmission burst.

From the discussion of Section 2.1 and Section 2.2 we have
Proposal 1. Signaling of the presence of DRS is required irrespective of multiplexing DRS-PDSCH in subframes other than subframe 0/5.

3. DRS-PDSCH multiplexing with MBSFN like subframes
When a DL transmission burst is configured with MBSFN like subframes, the multiplexing between DRS and PDSCH need to take MBSFN like subframes into considerations. In the licensed band, the presence of the MBSFN subframes are configured according to subframeAllocation in MBSFN-SubframeConfig from higher layer. subframeAllocation is a bitmap consists of 6 bits (one frame) or 24 bits (four frames). For example in the 6 bits case, it corresponds to subframes 1, 2, 3, 6, 7, and 8. To minimize the specification change, the bitmap can be reused in LAA. In this case, subframes 0, 4, 5, 9 can be used to improve the performance of measurements and time/frequency tracking. In the following discussion, we assume the bitmap of the legacy MBSFN subframes is reused. Similar to Section 2, two multiplexing options are considered: 
1) DRS-PDSCH multiplexing in any subframe 
In this case, the DRS subframe may collide with the MBSFN like subframes. When DRS is multiplexed in a MBSFN like subframe, the subframe contains four CRS symbols and PSS/SSS, which leads to a lower efficiency than the case that DRS-PDSCH multiplexing only occurs in subframe 0/5.
2) DRS-PDSCH multiplexing only in subframe 0/5.
In this case, there is no multiplexing issue between DRS and MBSFN like subframe because subframe 0/5 would never collide with the MBSFN like subframes. 

Observation 3. When the MBSFN like subframes are configured in a DL transmission burst, multiplexing DRS with PDSCH only in subframe 0/5 leads to a higher spectral efficiency.

From the above discussions, we have
Proposal 2. To have a higher spectral efficiency, it is preferred that DRS-PDSCH can only be multiplexed in subframe 0/5 in a DL transmission burst.
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4. [bookmark: _Ref129681832]Conclusion
In this contribution, we discuss the mechanisms for DRS-PDSCH multiplexing with and without MBSFN subframes and we have
Observation 1. Signaling of the presence of DRS is required if DRS-PDSCH can be multiplexed in subframes other than subframe 0/5 in a DL transmission burst.
Observation 2. Signaling of the presence of DRS is also required if DRS-PDSCH can only be multiplexed in subframe 0/5 in a DL transmission burst.
Proposal 1. Signaling of the presence of DRS is required irrespective of multiplexing DRS-PDSCH in subframes other than subframe 0/5.
Observation 3. When the MBSFN like subframes are configured in a DL transmission burst, multiplexing DRS with PDSCH only in subframe 0/5 leads to a higher spectral efficiency.
Proposal 2. To have a higher spectral efficiency, it is preferred that DRS-PDSCH can only be multiplexed in subframe 0/5 in a DL transmission burst.
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