3GPP TSG RAN WG1 Meeting #81                                                                             	                    R1-152921
Fukuoka, Japan, 25th - 29th May 2015

Source:	Panasonic
Title: 	Indication of PDSCH in partial subframe
Agenda Item:		6.2.4.3
Document for:	Discussion and Decision
Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#AH_LAA [1], there were following agreements:
· LAA supports transmitting PDSCH when not all OFDM symbols are available for transmission in a subframe according to LBT, also support delivering necessary control information for the PDSCH
· FFS starting/ending OFDM symbols of the PDSCH
In this contribution, we will discuss how UE could know the starting/ending of PDSCH in partial subframe and show our preference.
Indication of PDSCH starting
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]If LBT category 3 or 4 is adopted for LAA, the successful time for CCA would be randomly and uniformly distributed in one subframe (i.e. 1 ms), thereby length of partial subframe would be unpredictable. From eNB point of view, how many symbols in partial subframe can be used for data transmission relies on the encoding scheme and processing capability. If PDSCH in partial subframe is independently encoded as current design, multiple PDSCHs with different length should be prepared at eNB in advance [2]. Other encoding methods (such as puncturing of OFDM symbols) could avoid the complexity for preparing multi-length of PDSCHs in advance at eNB. From UE point of view, to know the starting position of PDSCH in a partial subframe is necessary for correct decoding the data. There are generally 2 potential ways for the UE to obtain this information (i.e. implicit knowledge and explicit indication) [3], we will discuss these options one by one.
Implicit knowledge by blind decoding/detection
The premise of this method is that the PDSCH would start only at a OFDM symbol corresponding to the detected (E)PDCCH or synchronization signal. The possible structure is shown in Figure 1. For instance, if PDCCH is detected (i.e. CRC success) at symbol 8, UE would assume that the scheduled PDSCH starts at symbol 9. To limit the candidates of PDSCH/PDCCH starting symbol at both eNB and UE could be beneficial to eNB complexity for preparing limited number of PDSCH with candidate length as well as UE blind decoding complexity for limited (E)PDCCH candidates. 2 or 4 candidates [3] seem to require acceptable complexity level for the partial subframe from both eNB and UE points of view, however some UEs would always perform blind detection for 2 or 4 times (i.e. increased power consumption) even for following full subframes those are not scheduled for these UEs (i.e. CRC is not passed at each candidate (E)PDCCH) if no indication about the partial subframe is received. Complexity for blind detection of synchronization signal seems to be less problematic due to less complexity in time domain processing, however whether synchronization signal will be sent or not at each burst would mainly depend on the frequency synchronization accuracy obtained from last DL data transmission or DRS transmission. It should be noted that when no synchronization signal is sent in the beginning of the burst, maximum one OFDM symbol for AGC tuning would be helpful if the reservation signal is too short [4]. On the other hand, the reduced flexibility of PDSCH starting symbol would more or less impact the spectrum efficiency or channel access priority as shown in Figure 2 (with 4 candidates). A good balance should be kept between eNB/UE complexity and performance of partial subframe.
Observation-1: Number of candidate length for PDSCH starting impacts both eNB complexity and performance of partial subframe
Observation-2: Number of candidate length for PDSCH starting impacts the blind coding complexity at UE if implicit indication is adopted.
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[bookmark: _Ref416280014]Figure 1 Possible structure in partial subframe in the beginning of the burst
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[bookmark: _Ref416281542]Figure 2 Possible impacts by limited candidates
Explicit indication from fixed (E)PDCCH region
UE could firstly buffer the current subframe, while the DCI sent in the (E)PDCCH region of next full subframe could be blindly decoded to indicate the PDSCH starting in partial subframe as well as other information. In this sense, blind decoding is only performed in fixed (E)PDCCH region which is applicable to both self-scheduling and cross-carrier scheduling. Limited candidates of PDSCH starting are still beneficial to eNB complexity reduction, but the candidate length and number at eNB could be more flexible by explicit indication. Besides, the required buffer for partial subframe could also be less than one subframe if limited candidates are known at UE. For example, if 4 candidates are configured to start PDSCH (e.g. symbol 2/5/8/11 as in Figure 4), only 12 OFDM symbols are buffered. For PDCCH (2 OFDM symbols) based indication, the total buffer for data and control could be 14 OFDM symbols (i.e. 1 subframe) which is similar to the total buffer for EPDCCH scheduling the PDSCH of same full subframe (i.e. 13 OFDM symbols buffering in case of 1 OFDM symbol for PDCCH region).
An EPDCCH based indication from the next full subframe would require more buffer due to the additional buffer required for EPDCCH region (e.g. 12 OFDM symbols in case of 2 OFDM symbols for PDCCH region) of the full subframe, thus it is not acceptable from buffer requirement point of view. 
Additionally, when joint encoding for bits in partial subframe and next full subframe can be adopted, explicit indication of the length of the scheduled PDSCH (e.g. partial subframe, full subframe, or extended subframe) would be necessary.
Observation-3: If explicit indication is adopted for PDSCH starting position, less blind decoding complexity would be required.
Observation-4: PDCCH based indication for previous partial subframe requires similar buffer to current EPDDCH.
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Figure 3 Indication from fixed PDCCH region in the next full subframe
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[bookmark: _Ref416330748]Figure 4 Required buffer with limited candidates

Indication of PDSCH ending
[bookmark: _GoBack]According to regulatory requirement, maximum allowed burst length (e.g. 4 ms in Japan and 10 ms in Europe) would also impact the PDSCH length at the end of the burst when the start of the burst (no matter what is sent) is not at the subframe boundary. Different from the partial subframe in the beginning of the burst, eNB would know the length of PDSCH in the last subframe of the burst in advance. Therefore, it is feasible to support OFDM symbol granularity of length for PDSCH ending. Explicit indication from the fixed (E)PDCCH region would be the straightforward solution. If explicit indication of PDSCH starting is taken, it has the commonality. On the other hand, how much gain can be obtained from OFDM symbol granularity also needs to be considered due to more test effort would be required for more number of PDSCH with different length. If limited candidates are also applied for PDSCH ending, blind decoding of PDSCH candidates is also possible theoretically. Yet, the blind decoding complexity for PDSCH would be much more than (E)PDCCH and UE might need to perform blind decoding even in full subframe due to possible lack of knowledge for burst starting.
Observation-5: Explicit indication of PDSCH ending requires less complexity at UE.
Observation-6: Test effort should be taken into account when determine the number of candidate for PDSCH at the end of the burst.
Conclusion
In this contribution, we had discussed the indication options for PDSCH in partial subframe. Following is observed.
Observation-1: Number of candidate length for PDSCH starting impacts both eNB complexity and performance of partial subframe
Observation-2: Number of candidate length for PDSCH starting impacts the blind coding complexity at UE if implicit indication is adopted.
Observation-3: If explicit indication is adopted for PDSCH starting position, less blind decoding complexity would be required.
Observation-4: PDCCH based indication for previous partial subframe requires similar buffer to current EPDDCH.
Observation-5: Explicit indication of PDSCH ending requires less complexity at UE.
Observation-6: Test effort should be taken into account when determine the number of candidate for PDSCH at the end of the burst.
Based on above observations, we propose following:
Proposal-1: Number of candidate length for PDSCH starting should be limited at eNB for complexity reduction, while detailed number should be determined based on performance and complexity evaluations.
Proposal-2: For indication of PDSCH starting, both blind decoding/detection and explicit indication from PDCCH could be considered.
Proposal-3: For indication of PDSCH ending, explicit indication should be considered but candidate number is FFS.
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