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1. Introduction
In last RAN2 meeting, how to handle the half-duplex TDD UE in MAC had been discussed and it was postponed to this meeting. In this contribution, we will go on discussing this issue based on RAN1’s conclusion made on RAN1#71.
2. Discussion
2.1. Conclusion in RAN1
In last RAN1 meeting, the agreement on half-duplex TDD was finally achieved. The agreement has been reflected in the latest RAN1 spec [1] as below. In general, the principle is that the subframe transmission direction for half-duplex TDD UE should follow PCell’s transmission direction. 
	In case multiple cells with different uplink-downlink configurations are aggregated and the UE is not capable of simultaneous reception and transmission in the aggregated cells, the following constraints apply:

-
if the subframe in the primary cell is a downlink subframe, the UE shall not transmit any signal or channel on a secondary cell in the same subframe 

-
if the subframe in the primary cell is an uplink subframe, the UE is not expected to receive any downlink transmissions on a secondary cell in the same subframe

-
if the subframe in the primary cell is a special subframe and the same subframe in a secondary cell is a downlink subframe, the UE is not expected to receive PDSCH/EPDCCH/PMCH/PRS transmissions in the secondary cell in the same subframe, and the UE is not expected to receive any other signals on the secondary cell in OFDM symbols that overlaps with the guard period or UpPTS in the primary cell.


To make the conclusion clearer, an example is given in Figure-1. If a half-duplex TDD UE is configured with PCell (TDD config#1) and SCell (TDD config#4), on SCell, there is no UL transmission in subframe#4; no downlink transmission in subframe#7and #8; and in subframe#6, in the part overlapped with PCell DwPTS, only PDCCH/CRS can be received, but in the other part there is no DL transmission.
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Figure-1.   Example for half-duplex TDD
2.2. Impact on MAC
Half-duplex TDD introduces some restriction on SCell’s data transmission. Hence, the impact on MAC layer is analyzed for each physical channel on SCell.
1.  PDCCH monitoring
For half-duplex TDD UE, for all the uplink subframes in PCell, UE would not receive any downlink data on SCell, such as the subframe#7 and #8 in Figure-1. In other words, half-duplex TDD UE is not required to monitor PDCCH in such subframes. Since the DRX mechanism in MAC controls PDCCH monitoring, and according to the current MAC specification, UE would monitor PDCCH in subframe#7 and subframe#8 in the above example. Hence, there should be some change in MAC to reflect such restriction on PDCCH monitoring for half-duplex TDD UE.
2.  PDSCH reception
Since PDSCH transmission on SCell is dynamically scheduled by eNB, the restriction on PDSCH transmission on SCell can rely on eNB scheduling. Hence, no MAC specification effort is needed for half-duplex TDD UE.
3.  PUSCH transmission
In MAC spec, UL-SCH data transfer on SCell PUSCH also includes BSR and PHR. For the BSR and PHR, both trigger and content are not impacted by half-duplex TDD. For the actual PUSCH transmission, in case of the new transmission, since it is dynamic scheduled by eNB, eNB’s reasonable implementation should be relied on; in case of the synchronized retransmission, current HARQ/scheduling timing defined in RAN1 can ensure the subframe for PUSCH retransmission always available. Hence, similar as PDSCH, for PUSCH transmission, there is also no MAC specification effort.
4.   PRACH transmission
For SCell, only non-contention based random access is supported. In eNB side, eNB implementation should ensure there is available PRACH resources indicated by the PRACH MASK INDEX; in UE side, in current MAC spec it is clear that during the PRACH resource selection only available subframe containing PRACH should be considered. Hence, for the PRACH transmission, the current description in MAC specification and eNB implementation is sufficient for half-duplex TDD UE.
From the above analysis, one observation can be derived as below.
Observation: For half-duplex TDD, the impact on MAC is to reflect the restriction on PDCCH monitoring.
2.3. Specification modification
For the specification modification, there are two alternatives to reflect the restriction on PDCCH monitoring in MAC which are mentioned in previous RAN2 meeting.
· Alt1:  reflect it in the definition of PDCCH-subframe, and text proposal is given as below:

	PDCCH-subframe: Refers to a subframe with PDCCH, EPDCCH (in subframes when configured) or, for an RN with R-PDCCH configured and not suspended, to a subframe with R-PDCCH. For FDD UE operation, this represents any subframe; for full-duplex TDD, union of downlink subframes and subframes including DwPTS of all serving cells, except serving cells that are configured with schedulingCellId [8]; for half-duplex TDD, downlink subframes and subframes including DwPTS of PCell. For RNs with an RN subframe configuration configured and not suspended, in its communication with the E-UTRAN, this represents all downlink subframes configured for RN communication with the E-UTRAN.




· Alt2: reflect it in the DRX part, and text proposal is given as below:

	-
during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation, and if the subframe is not configured as an uplink subframe on PCell for half-duplex TDD UE operation, and if the subframe is not part of a configured measurement gap:

-
   monitor the PDCCH;


The difference between the above two alternatives is that whether subframe#7 and #8 in Figure-1 should be regarded as PDCCH-subframe. The two subframes would be regarded as PDCCH-subframe in Alt2 but not in Alt1. Which alternative is reasonable?  We give the analysis from the following three aspects:
1) The intention of PDCCH-subframe definition 

In Rel-8, PDCCH-subframe means the subframe with PDCCH resource which can be used to schedule data transmission for UE; in other words, PDCCH-subframe represents the scheduling opportunity and uplink subframe is not included for TDD. 
In Rel-11, during the discussion on the PDCCH-subframe for full-duplex TDD UE, the common understanding reached in RAN2#79 meeting is that if a cell is cross-carrier scheduled by other cell, the cell’s DL and special subframe is not considered as PDCCH-subframe. Hence, in the current Rel-11 MAC spec, for full-duplex TDD UE, PDCCH-subframe only includes the union of the downlink subframes and special subframes in which PDCCH can be transmitted to the UE. The PDCCH-subframe also represents the scheduling opportunity.
According to the same intention, for half-duplex TDD UE, PDCCH-subframe should only include the subframe in which the UE has the scheduling opportunity. Obviously, subframe#7 and #8 in Figure-1 should not be regarded as PDCCH-subframe, and Alt2 is not appropriate. 
2) The impact on the definition of active time

According to the definition of active time, during the active time UE shall monitor PDCCH in PDCCH-subframes. But in Alt2 there would be some contradict with it, since UE cannot monitor PDCCH in some PDCCH-subframes, such as subframe#7 and #8 in the example. 
3) Difference between half-duplex TDD and half-duplex FDD

In Alt2, the change is similar as half-duplex FDD. But in fact, the two modes are different in nature. For half-duplex FDD UE, the subframe for PDCCH monitoring is very flexible since it is dependent on eNB’s dynamic scheduling. But for half-duplex TDD UE, the subframe for PDCCH monitoring is fixed and UE can judge by itself in predict. Hence, the situation of half-duplex TDD UE is same as full-duplex TDD UE, and different from half-duplex FDD UE. Hence, the change for half-duplex TDD UE should be similar as that for full-duplex TDD UE, and change the definition of PDCCH-subframe as in Alt1 is more proper.
According to the above analysis, considering the intention of PDCCH-subframe definition, the compatible with the “active time” definition and the difference between half-duplex TDD and half-duplex FDD UE, Alt1 is preferred..
Proposal: The PDCCH-subframe should be defined as the downlink and DwPTS subframes of PCell for half-duplex TDD UE.

3. Conclusion
According to the analysis in section 2, it is proposed:
Proposal: The PDCCH-subframe should be defined as the downlink subframes and subframes including DwPTS of PCell for half-duplex TDD UE. 
CR based on the proposal made in this contribution is given in R2-130105 [2].  
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