3GPP TSG RAN WG1 Meeting #86
R1-166104
Gothenburg, Sweden, August 22 – 26, 2016
Agenda Item:
8.1.3.2
Source:
Huawei, HiSilicon
Title:
Discussion on time domain structures 
Document for:
Discussion and decision 
1 Introduction
In the RAN1#85 meeting, frame structure for new radio (NR) was discussed and the following agreements related to time domain structures were achieved [1]:
· At least the following should be supported for NR in a frequency portion
· A time interval X which can contain one or more of the following

· DL transmission part

· Guard

· UL transmission part

· FFS which combinations are supported and whether they are indicated dynamically and/or semi-statically

· Furthermore, the following is supported

· The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals

· The UL transmission part of time interval X to contain uplink control information and/or uplink data transmissions and/or reference signals

· FFS length(s) of time interval X

· FFS: other characteristics of time interval X
· At least the following time domain structures should be studied/evaluated for NR

· DL transmission region (containing data assignments and data), guard region, UL transmission region (containing UCI)

· DL transmission region (containing data assignments), guard region, UL transmission region (containing data, UCI)

· Other structures not precluded

· Note: there is no assumption between the relationship of assignments and data in the above

· FFS: there can be guard region after the uplink transmission region.

· FFS: Study candidate solutions where 1 structure spans at most a time interval of 1 ms

· FFS: Metrics for study/evaluation

· Note: This does not preclude the same structure could span multiple 1 msecs
The contribution firstly discusses the candidate time domain structures and concludes that three time domain structures should be supported for NR, including DL-only, UL-only and mixed DL and UL structure in which two sub-types are included (DL-dominant and UL-dominant), then discusses whether they are indicated dynamically and/or semi-statically. The length of one structure and channelization design based on the supported time domain structures are also discussed in this contribution. 
2 Discussion     
2.1 Time domain structures for NR   
Based on the discussion and agreements in RAN1#85 meeting, the main combinations discussed or proposed in the RAN1#85 meeting based on the mixed DL and UL time domain structure are further analyzed as below.
· Combination 1:  A DL transmission part, a guard and an UL transmission part 
Combination 1 begins with a DL transmission part and ends with an UL transmission part, with a guard between the DL transmission part and the UL transmission part. Combination 1 can further include two sub-types which are DL-dominant structure and UL-dominant structure, as shown in Fig. 1. DL-dominant structure contains a configurable short UL part mainly for fast uplink control information transmission and/or, reference signals for channel measurement, e.g. SRS. UL-dominant structure contains a configurable short DL part mainly for downlink control. The duration of the GP can be configurable for overhead balance and transmission flexibility.      
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Fig. 1. Example of DL-dominant structure and UL-dominant structure.
These two sub-types provide sufficient support for all use cases. More sub-types could be considered, for example with a symmetric part for DL and UL and perhaps also other types with less asymmetry between the durations of the DL and UL parts. However, such additional types wouldn’t bring significant additional benefits to the flexibility of the operation of the system.

According to the agreements [1] in the RAN1#85 meeting, DL-dominant structure and UL-dominant structure were agreed to be further studied and evaluated for NR. The following aspects can be further studied and evaluated:   
Self-contained subframe  
The self-contained subframe can be defined based on the DL-dominant structure and UL-dominant structure, where some self-contained properties can be embodied. The definition of the term “self-contained” may depend on the types of transmission (UL, DL, CQI measurement and CQI feedback). There are four possible definitions as shown in Fig. 2:
a) DL-based definition: DL data and the corresponding A/N in the same subframe
b) UL-based definition: UL grant and the corresponding UL data in the same subframe
c) CQI measurements based definition: DL CSI-RS + CSI-IM + CQI reference resource and the corresponding CQI/CSI in the same subframe interval

d) CQI feedback based definition: the DCI that triggers CQI feedback is in the same subframe as the CQI feedback. This should also apply to aperiodic SRS.
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Fig. 2. Definitions of a self-contained subframe.

The support of operating with a self-contained subframe depends on the transmitted packet size, UE capabilities, possible CSI feedback format, OFDM symbol length, etc. A large packet size requires longer time for processing, and it is hard for UE to reply ACK/NACK within a subframe. Similarly, the limited UL resources may also constraint the feedback format for measured CSI. The transmitted packets size, feedback format and UE capabilities could be further studied. However, as discussed in [3], NR should at least enable the possibility of self-contained transmission, at least from DL-based definition and UL-based definition perspective.   
Fast SRS transmission and CSI feedback
Since uplink control information and SRS can be transmitted in both DL-dominant structure and UL-dominant structure, it is possible to enable fast SRS transmission and CSI feedback. In theory, faster SRS transmission and CSI feedback can get more gain from better link adaptation from MIMO, especially from Massive MIMO. Evaluation on fast SRS transmission and CSI feedback may be needed and study on how to enable fast SRS transmission and CSI feedback is needed.   
Apart from quantifiable benefits in terms of throughput, allowing fast SRS transmission and CSI feedback would also be beneficial for the system operation. It would allow the system to operate on/off very fast on subframe (time interval) level, rather than tying multiple subframes together. This is useful for energy consumption, for interference reduction, and for unlicensed bands.
Short HARQ RTT and enabling low latency 
Since downlink control and uplink control can be transmitted in both DL-dominant structure and UL-dominant structure, it can be expected that short HARQ RTT can be achieved, which can help enable low latency. However, it may need to further study and evaluate the gain and the scenario for short HARQ RTT, as well as the constraints of its applicability in terms of packet sizes, UE capabilities, etc. 
Better utilization of dynamic TDD
As discussed in [2], dynamic TDD based on DL-dominant structure and UL-dominant structure can provide the possibility to align control channel, which can avoid interference to control channel. Further study on how to achieve control channel alignment considering same numerology and different numerologies may be needed.   
· Combination 2:  A DL transmission part, a guard, an UL transmission part and a guard 
Combination 2 is built with the time order of a DL transmission part, a guard, an UL transmission part and a guard. An example of combination 2 is shown in Fig. 3. The main motivation for combination 2 is to enable retransmission in the following subframe. However, as described in [3], from latency perspective, there is no strong motivation to perform retransmission in the following subframe considering the retransmission probability is only about 10%. Even if NR should support retransmission in the following subframe, DL-dominant structure and UL-dominant structure for combination 1 can achieve it with an example as shown in Fig. 4. In addition, a big problem for combination 2 is that it will increase the GP overhead. Therefore, combination 2 is not preferred for the mixed DL and UL time domain structure. 
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Fig. 3. Example of mixed DL and UL structure with combination 2.
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Fig. 4. Example of enabling retransmission in the following subframe based on combination 1.
· DL-only time domain structure and an UL-only time domain structure 
Besides the mixed DL and UL time domain structure with combination 1, a DL-only time domain structure and an UL-only time domain structure shall be supported in NR also. Firstly, they may be used in TDM manner with the DL-dominant structure and UL-dominant structure to reduce the overall GP overhead in some scenarios. Secondly, they are needed for paired spectrum. 
Proposal 1: Three time domain structures should be supported for the new radio. 
· DL-only time domain structure composed of a DL transmission part 
· UL-only time domain structure composed of an UL transmission part
· Mixed DL and UL time domain structure composed of a DL transmission part (located at the beginning), a guard and an UL transmission part (located at the end)
· DL-dominant: a DL transmission part (mainly for data assignments and data), a guard, a configurable short UL transmission part (mainly for UCI and SRS) 
· UL-dominant: a configurable short DL transmission part (mainly for data assignments), a guard, a UL transmission part (mainly for data, UCI and SRS)
2.2 Time domain structures indication 
NR should support semi-static TDD operation at least for some deployment scenarios, e.g. deployments in which strong eNB-to-eNB interference or UE-to-UE interference cannot be sufficiently mitigated. For semi-static TDD operation, it is possible that a set of candidate TDD UL/DL configuration needs to be defined in order to match different uplink to downlink traffic loads. For example, a subset of the 7 TDD UL/DL configurations in LTE with possible modifications based on the proposed three time-domain structures in section 2.1 can be defined. In this case, the TDD UL/DL configuration can be indicated semi-statically. 
As discussed in [2], dynamic TDD also needs to be supported in NR. Dynamic TDD can enable low latency by matching resources to the instantaneous traffic situation and improve user perceived packet throughput. Full dynamic TDD should be supported for better utilization of the resources except for the fixed resource. The “direction” (uplink or downlink) of a subframe can change on subframe basis. Indication of the “direction” of a subframe can be further studied. 
 Proposal 2: NR should support both dynamic TDD operation and semi-static TDD operation. 
· Candidate TDD UL/DL configurations could be defined in NR for semi-static TDD operation. FFS the detailed candidate TDD UL/DL configurations.

· The “direction” (uplink or downlink) of a subframe can change on subframe basis for dynamic TDD operation. FFS the indication of the “direction” of a subframe. 
2.3 Length of a time domain structure 
The basic length of a time domain structure should be defined in NR. The basic length of a time domain structure can be equal to the subframe duration as discussed in [5]. The subframe duration in NR can be defined from a basic time unit of 1 ms corresponding to a basic subcarrier spacing f0 with a given number of OFDM symbols for a given CP length. Then the subframe duration scales with the subcarrier spacing, thus other subframe durations of 0.5ms, 0.25ms, 0.125ms could be supported. But the number of OFDM symbols and the associated time-domain structure remain the same as much as possible, and to some extent can be agnostic to the subcarrier spacing value. For higher frequency band, much smaller subframe duration may be configured due to larger subcarrier spacing. It might be necessary to stop scaling down the subframe duration for very short OFDM symbol durations, considering the time needed for analog beam switching.
Two examples of subframe duration scaling with subcarrier spacing are shown in Fig. 5, where subframe duration with 0.5 ms (example 1) or 1 ms (example 2) can be corresponding to a subcarrier spacing of 15 kHz with a given number of OFDM symbols for a given CP length configuration (e.g. 7 or 14 OFDM symbols with a normal CP length), the subframe duration may be configured to 0.25 ms (example 1) or 0.5 ms (example 2) when the subcarrier spacing scales up to 30 kHz. Shorter subframe duration with large subcarrier spacing can be used for URLLC services. 
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Fig. 5. Examples of subframe duration varying with subcarrier spacing.
Proposal 3: The basic length of a time domain structure is equal to the subframe durartion, which is defined from a basic time unit of 1 ms corresponding to a basic subcarrier spacing f0 with a given number of OFDM symbols for a given CP length, and the subframe duration scales with subcarrier spacing.
· Shorter subframe durations with 0.5ms, 0.25ms and 0.125ms are supported with the subcarrier spacing increasing.
· Longer subframe duration with the subcarrier spacing decreasing is FFS. 
2.4 Channelization design 
As discussed in [4], a first DL control channel located at the front (e.g. the first symbol) of each time interval of a basic length (i.e. subframe) of a time domain structure proposed in section 2.1 should be supported in NR, which can be used to schedule the essential system information and also could be used for unicast scheduling. A second DL control channel embedded in the data region in DL-dominant structure can also be considered for NR, which can be indicated by the first control channel. Moreover, for efficient utilization of spectrum resources, allocated time-frequency resources for DL control channel may vary over time according to the system load.  
The design of reference signal (RS) for demodulation needs to be discussed case-by-case. As discussed in [4], demodulation RS for the control channel should be contained among the occupied time-frequency resources of the control channel. The demodulation RS position should be known before the detection of a particular control channel no matter whether common RS or UE-specific RS is designed for control channel demodulation, but the RS is transmitted only when the control channel is present. 
Regarding the demodulation RS for DL data, according to the agreements in the RAN1 #85 meeting, the demodulation RS used to start to demodulate a data transmission is located at the beginning of the time interval to which the data and associated RS for demodulation is physically mapped, e.g. the second symbol in DL-dominant structure and the third symbol in UL-dominant structure as discussed in [5]. Additional demodulation RS also can be added as discussed in [5], for example it could be indicated by the DCI scheduling the data, or it could be configured such as for RS used for phase noise compensation. 
For a time interval of a longer length constructed by aggregating multiple subframes to one UE, further study is needed to determine whether RS should be present in every DL subframe, or could be present in only a few subframes (e.g. the first one), and whether this could be configurable or signaled for example to adapt to different UE speeds. 
Within one subframe, typically one transmission time unit (TTU) is supported as shown in Fig. 6. The length of a TTU may cover one or more subframes. The transmitted OFDM symbols of one TTU may not fully occupy the whole subframe duration, e.g. one DL-TTU in DL-dominant subframe does not contain a few OFDM symbols occupied by a short UL part and a GP.
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Fig. 6. An example of one subframe with one transmission time unit.
Proposal 4: A first DL control channel located at the front of each time interval of a basic length (i.e. subframe) of a time domain structure should be supported in NR. A second DL control channel embedded in the data region in DL-dominant structure can also be considered for NR. 
Proposal 5: The reference signals used for demodulating a control channel or a data channel are contained only within the same time/frequency resource for that channel, and are transmitted only when that channel is present. 
3 Conclusions
The contribution firstly discusses the candidate time domain structures, and then discusses whether they are indicated dynamically and/or semi-statically. The length of one structure and channelization design based on the supported time domain structures are also discussed in this contribution. Based on the discussion, we have the following proposals:
Proposal 1: Three time domain structures should be supported for the new radio. 
· DL-only time domain structure composed of a DL transmission part 
· UL-only time domain structure composed of an UL transmission part
· Mixed DL and UL time domain structure composed of a DL transmission part (located at the beginning), a guard and an UL transmission part (located at the end)
· DL-dominant: a DL transmission part (mainly for data assignments and data), a guard, a configurable short UL transmission part (mainly for UCI and SRS). 
· UL-dominant: a configurable short DL transmission part (mainly for data assignments), a guard, a UL transmission part (mainly for data, UCI and SRS)
Proposal 2: NR should support both dynamic TDD operation and semi-static TDD operation. 
· Candidate TDD UL/DL configurations could be defined in NR for semi-static TDD operation. FFS the detailed candidate TDD UL/DL configurations.
· The “direction” (uplink or downlink) of a subframe can change on subframe basis for dynamic TDD operation. FFS the indication of the “direction” of a subframe.
Proposal 3: The basic length of a time domain structure is equal to the subframe durartion, which is defined from a basic time unit of 1 ms corresponding to a basic subcarrier spacing f0 with a given number of OFDM symbols for a given CP length, and the subframe duration scales with subcarrier spacing.
· Shorter subframe durations with 0.5ms, 0.25ms and 0.125ms are supported with the subcarrier spacing increasing.
· Longer subframe duration with the subcarrier spacing decreasing is FFS. 
Proposal 4: A first DL control channel located at the front of each time interval of a basic length (i.e. subframe) of a time domain structure should be supported in NR. A second DL control channel embedded in the data region in DL subframe or DL-dominant structure can also be considered for NR. 
Proposal 5: The reference signals used for demodulating a control channel or a data channel are contained only within the same time/frequency resource for that channel, and are transmitted only when that channel is present. 
References

[1] 3GPP, “Draft Minutes report of 3GPP TSG RAN WG1 #85 v0.1.0”, Nanjing, China, May 23-27, 2016.
[2] R1-167202, “Discussion on unified duplex for unpaired spectrum - dynamic TDD”, Huawei, HiSilicon, Gothenburg, Sweden, August 22-26, 2016.
[3] R1-166105, “Discussion on timing relations for NR frame structure”, Huawei, HiSilicon, Gothenburg, Sweden, August 22-26, 2016.
[4] R1-167203, “Discussion on control channel design”, Huawei, HiSilicon, Gothenburg, Sweden, August 22-26, 2016.
[5] R1-166102, “Overview of frame structure for NR”, Huawei, HiSilicon, Gothenburg, Sweden, August 22-26, 2016.











































































_1531229685.vsd

_1531231651.vsd
DL assignment



DL-dominant subframe
GP
Typical transmission time unit

Typical transmission time unit
UL-dominant subframe
GP



_1531223097.vsd

1ms subframe
GP
0.5ms subframe #n
0.5ms subframe #n+1
UL
GP
DL
15kHz
0.5ms subframe
30kHz
0.25ms 
subframe #n
0.25ms
subframe #n+1
GP
15kHz
30kHz
(a) Example1
(b) Example2



