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Introduction
In RAN1-NR#1, a proposal for 2-stage DL DCI design was discussed. The email thread [NRAH1-03] continues the discussion, attempting to achieve a good mutual understanding on the benefit and necessity of a 2-stage DCI design. Totally 16 companies participated in the email discussion. This paper serves as a summary of the email thread. The responses collected in the email thread is repeated in Section 4.
Summary of the email discussion
In the questionnaire, different flavors of 2-stage DL DCI were listed and compared. The detailed description of the flavors are described in Section 4.1 and a high level comparison is summarized in Table 1. The preference from difference companies are collected. We also discussed the relationships between 2-stage DCI and 1-stage DCI, and between 2-stage DL DCI and UL DCI.
Table 1. Comparison of different flavors of 2-stage DCI
	
	Flavor 1
	Flavor 2
	Flavor 3
	Flavor 4
	Flavor 5

	Highlight
	Both stages in PDCCH
	Large portion of DL grant offloading to PDSCH
	Small portion of DL grant offloading
	Other DCI offloading to PDSCH
	Both stages in PDCCH but slow/fast

	1st stage location 
	PDCCH
	PDCCH
	PDCCH
	PDCCH
	PDCCH

	2ns stage location
	PDCCH
	PDSCH
	PDSCH
	PDSCH
	PDCCH

	1st stage content
	Demod critical part of DL DCI
	Demod critical part of DL DCI
	Decode critical part of DL DCI
	Whole DL DCI
	Slow changing part of DL DCI

	2nd stage content
	Demod non-critical part of DL DCI
	Demod non-critical part of DL DCI
	Decoding non-critical part of DL DCI
	Other DCI (cross slot DL grant or UL grant)
	Fast changing part of DL DCI



For the support of different flavors:
· 3 companies prefer to focus on 1 stage DCI for phase 1 of NR and study 2-stage further in phase 2
· 5 companies support flavor 1. Instead the processing timeline benefit, people are more interested in the blind decoding reduction benefit of the design.
· 8 companies support flavor 2. 3 companies support flavor 3. 5 companies support flavor 4. These companies are more interested in the control offloading property of these flavors. It is understood for flavor 2, there might be small impact to the PDSCH processing timeline.
· 5 companies support flavor 5. 
For coexistence with 1 stage DL DCI:
· 11 companies support option 1 where both 1-stage and 2-stage DCI are detected by the UE when configured in the 2-stage mode
· To limit the number of blind decoder, there is proposal to split the budget for blind decodings between 1-stage and 2-stage decoding, if the 1-stage DCI and the first stage of 2-stage DCI are of different length. For example, the 1-stage DCI can be used for CSS and 2-stage DCI are used for USS
· Alternatively, some companies are proposing to consider the case that 1-stage DCI uses a compact form to have the same length as the first stage of 2-stage DCI. For example, the 1-stage DCI can use a simpler transmission scheme that needs less bits in DCI
· 4 companies support option 2, where the UE only monitors 2-stage DCI.
For coexistence with UL DCI:
· 9 companies support option 1 where single stage DCI is used for UL
· To address the blind decoding issue, some companies are proposing to consider matching the UL DCI length and the 1st stage DCI length of 2-stage DCI
· 4 companies support option 2 where the UL DCI is also split into two parts to match the length of the first stage of DL DCI
Potential WF
From the email discussion, we cannot reach consensus to support a single option of 2-stage DCI. The main concerns identified include the complexity to split DL DCI and the impact to PDSCH processing timeline. More online time might be needed for further discussion. 
[bookmark: _GoBack]We also realize the benefit of control offloading for flavors 2, 3, and 4 are well recognized. We would like to propose the following as a compromise and also as a starting point for 2-stage DCI design discussion.
Proposal: In single stage DL DCI, including a DCI piggy back indicator field to indicate the availability of a piggy back DCI within the assigned PDSCH region
· The indicator can indicate there is no piggy back DCI in PDSCH
· When the indicator indicates there is a piggy back DCI, the set of REs, payload length of the piggy back DCI are known from the field without any blind decoding, and PDSCH transmission rate matches around the occupied REs
· Piggy back DCI contains other DL or UL grants for cross slot scheduling
Questionnaire in the email thread 
Different flavors of 2-stage DL DCI design
In the previous discussions, there are 2-stage DL DCI design proposals from multiple companies. However, different companies use the same term to mean different things. Some clarification is needed. The following are different flavors of 2-stage DCI we collected. 
· Flavor 1: Split DL DCI into two parts and transmit both in the PDCCH region. The main benefit of this approach is for processing timeline saving when the two parts are transmitted in different OFDM symbols. 
· Flavor 2: Split DL DCI into two parts with the first part in the PDCCH region, and the second part in the PDSCH region. The first part carries PDSCH allocation information including rank and resource allocation, such that the receiver can perform channel estimation after decoding this part. If modulation order information is also included in this part, the receiver can perform LLR computation early as well. The HARQ related information are collected in the second part transmitted in known locations in the PDSCH region. The benefits of this flavor includes control overhead offloading (to PDSCH region), processing timeline improvement, and blind decoding complexity reduction (first part designed to have equal size for all DCI types). Potential problem of this approach is the extra PDSCH processing delay, where the receiver needs to decode the second part of DCI after channel estimation and before the decoding of PDSCH.
· Flavor 3: Split DL DCI into two parts with the first part in the PDCCH region, and the second part in the PDSCH region. The first part carries all DL grant related information, so the PDSCH processing does not depends on the decoding of the second part. The second part carries time insensitive information such as HARQ timing, PUCCH location, TPC, etc. In this case, the first part is longer than the first part in flavor 2, so the control offloading effect is weaker. However, there is benefit in receiver PDSCH processing timeline.
· Flavor 4: The first stage is a full DL DCI and is transmitted in PDCCH region. The second part is transmitted in PDSCH region, and carries addition (cross slot) DL grants or UL grant. The main use case for this flavor is control offloading.
· Flavor 5: This is slow/fast 2-stage DCI. Both parts transmitted in PDCCH region. The first part of the DCI carries some slow varying component of the DL grant and is not necessary to be transmitted in all slots. Example field in this part are RB allocation and baseline MCS. The second part carries fast changing information of the DL grant, such as HARQ process ID, RVID, NDI, and delta MCS. The second part of the DCI is transmitted all the time.
All companies please provide the view on the preferred flavors (can choose more than one) including additional pros and cons. Please also add if there are more designs.

	Company
	Comment

	Qualcomm
	Different flavors have different pros and cons. 
Flavors 1 and 2 can reduce the length of each decoding candidate, and can help processing timeline when there is back-to-back scheduling. On the other hand, it will lead to inconsistent length from the UL grants. It is not yet clear how to combine the blind decoding of DL and UL grants under these cases. We may need to use a similar two-stage design for UL grants but send the two stages both in PDCCH region. 
Flavors 3 and 4 focus on control offloading and efficient delivery of DCIs as some of the DCIs or part of DCIs can be delivered in PDSCH region, which has better rate control. They have minimum impact to the UE decoding of PDSCH. It is also possible to design the length of the first steps to be the same as UL grants to share blind decodings. These may be good candidate for phase 1 NR.
Flavor 5 can be considered as a control information compression scheme, and can help to reduce the control overhead. The same idea can be applied to UL grants. However some scheduler restrictions may be needed for this design to be effective. The involved restriction may be acceptable to some applications, but may not be universally acceptable. It might be a good candidate for future enhancement and seems to be not necessary for phase 1 NR.

	MediaTek
	We prefer Flavors 1, 2 and 5. Some additional pros and cons of the 2-stage DCI design are provided below.
· Advantage: Flavor 5 of 2-stage DCI can be used to support multi-slot scheduling. When it is applied, the first part of the DCI can be transmitted at the first scheduled slot only; in subsequent slots, some scheduling information can be carried or altered through the second part of the DCI.  
· Disadvantage: with 2-stage DCI (for all flavors), the number of DCIs is doubled and the size of each DCI payload becomes smaller. For the former, it may lead to a larger overall CRC overhead; for the latter, the channel coding gain of the Polar code becomes worse. For example, if the first part of the DCI carries only the information of rank and resource allocation, the payload may be less than 20 bits for a channel bandwidth of 10 MHz using a design similar to LTE. In this case, 16-bit CRC is a significant overhead. Moreover, according to our simulations, to achieve 1% BLER, the required SNR is around 1 dB higher when the information block length of Polar code decreases from 60 (=44-bit DCI payload+16-bit CRC) bits to 36 bits (=20+16). In Section 5, we will provide suggestions for the issues.

	AT&T
	We prefer Flavor 2 mainly because the control part embedded in the PDSCH region can maximize the beamforming gain. Also we have some additional pros and cons on 2-stage design. 
Advantage: when control information are carried by two stages, each stage may perform SPS type of operation while keep using dynamic scheduling of the other stage. E.g. Stage-1 DCI (e.g. including the Resource allocation information) may be SPS operated while stage-2 DCI (including MIMO, HARQ, MCS) is transmitted every TTI. The benefit is that as far as the scheduled resource is not changed, network can still dynamically change the MCS/HARQ/MIMO information for the PDSCH grant (without any stage-1 DCI)
Besides, we also think the overhead issue mentioned by MediaTek is a valid point. We think the polar coding design for DCI should sufficiently consider this. One solution is to reduce the number of CRC (e.g. to 8 bits) while utilizing the frozen bits in Polar coding (e.g. use the UE ID as frozen bits). UE ID based frozen bits can provide additional separation between different users. See our paper R1-1700324 for more details.  

	KT Corp.
	We prefer Flavor 2 mainly, but Flavor 4 can be considered in addition.
In our thinking, one of the important benefits we can achieve by introducing 2-stage DCI is efficient delivery of DCI with control channel offloading. 
By transmitting 2nd part of DCI in the UE-specific PDSCH region, we can achieve more beamforming gain compared to the probable omni-directional transmission in PDCCH region. Moreover, if we can transmit additional cross-slot scheduling DCIs (e.g. UL grant and/or cross-slot DL grant) as in flavor 4, we can maximize spectral efficiency on transmitting DCIs.

	ZTE
	We prefer Flavor 3 basically, but we would be fine with 4 and 5.
For Flavor 2 it may falls into Flavor 3 if we put all the PDSCH decoding sensitive bits into first stage. So, basically we can look them together at beginning. The Flavor 1 may bring too much PDCCH resource implication and thus could be considered in later stage.
The flavor 3 and 4 will have less impact on PDSCH processing. This is the reason we consider them first. And also it has less impact by miss detection. E.g. the timing or resource of PUCCH can be corrected by gNB side blind detection.
The Flavor 5 will save some overhead. Plus, it will allow some pre-processing of Data. E.g. UE prepared coded and modulated data earlier than scheduling triggering.

	Huawei
	Flavor 1 to 5 can be classified into 2 categories, one includes Flavor 1/5 in which both parts of DCI are transmitted in PDCCH region, and another includes Flavor 2/3/4 where the first part of DCI is transmitted in PDCCH region and the second part of DCI is transmitted in PDSCH region. Other aspects are different on splitting of DCI contents.
We prefer the category 2, the second part of DCI is transmitted in PDSCH region because it has benefits including blind detection reduction (because only first part of DCI needs blind detection), control offloading, link adaptation and scheduling gain. How to split DCI contents can be further studied.  

	Fujitsu
	We prefer Flavors 2 and 5.
Advantage: Flavor 5 can be applied for the scenario of multi-slot scheduling as mentioned by MediaTek. By using two stage DCI, the first DCI is not required to be transmitted in each slot but in the first slot only. It reduces the control overhead.
Flavor 2 can be used to offload the control overhead by multiplexing the second step DCI in the PDSCH region. It also reduces blind decoding complexity since the first part DCI can be designed to have equal size for all DCI types. As mentioned by AT&T, the second control part can benefit from any beamforming gain applied to PDSCH.  

Disadvantage: It may include the extra PDSCH processing delay, where the receiver needs to decode the second part of DCI after channel estimation and before the decoding of PDSCH.

It may reduce reliability as both two-step DCIs should be successfully decoded prior to receiving downlink data/transmitting uplink data.

	NTT DOCOMO
	As discussed below, our interest is more on flavor 3 and flavor 4. However, overall, it is unclear whether the 2-stage DCI has really timeline benefit; single-stage DCI at the very beginning of the slot is the best structure from timeline point of view. Rather, the benefit of 2-stage DCI seems offloading the control overhead or creating possibility of extension to control signaling/procedure.
In case of single-stage DCI, base station can carry out link-adaptation for control and data independently. Besides, it would be relatively easier to align DCI payload for downlink data assignment and uplink grant for self-slot and cross-slot scheduling.
Flavor 1 may enable relaxing processing timeline while increases the DL control signaling overhead. From performance point of view, one DCI spanning over two OFDM symbols is better than splitting the DCI into two parts, encoding them separately, and mapping each of them on one OFDM symbol.
For flavor 2, if part of a DL DCI is carried in the scheduled PDSCH region, the PDSCH scheduling (resource assignment, number of layers, power-boosting, etc) needs to be done such that both PDSCH and the part of the DL DCI are correctly received with the target error probabilities (e.g., 10% and 1%). Besides, for uplink grant (and for downlink assignment for cross-slot scheduling), there is no associated downlink data in the slot. In such case, the first part of DCI in the PDCCH region needs to deliver whole scheduling information of the uplink data or cross-slot-scheduled downlink data, which perhaps results in different payloads of the first part of DCI in the PDCCH region for DL self-slot scheduling and other cases. 
With the flavor 3, downlink data can be received even without the second part of the DCI in the PDSCH region. Therefore, compared to flavor 2, various ways of handling of the second part of the DCI can be considered.
Flavor 4 can be viewed as the mechanism where basic scheduling information is fully provided by the first part of the DCI, while the additional control information is provided by the second part, with enabling various additional control information for different use-cases/scenarios identified in the future. This can be more like forward compatible function.
Flavor 5 is the similar function with flavor 1, while not sure the exact benefit compared to it.

	Ericsson
	Flavors 2, 3, and 4 attempts to offload parts of the control signaling into the PDSCH region. This may be useful in some scenarios as it could allow for introducing additional payload fields in the DCI without impacting the blind decodings. Flavors 1 and 2 is in our understanding primarily driven by UE processing timeline aspects. Flavor 5 may complicate the overall scheduling process as it creates a dependency across subframes.
In our understanding we have already agreed to support one-stage DCI so the proposed schemes are enhancements in addition to this. Before potentially agreeing to include such schemes in phase 1 a better understanding of the reliability and overhead aspects of a two-stage DCI scheme is needed.

	Nokia, ASB
	Flavors 1 could be considered, but not in order to provide time-line benefit, but mainly to provide reduction of UE’s blind decodes. Obviously, no offloading possible in this flavor. In this case, both stages are received before front-loaded DMRS are received and channel estimation can start. We assume that DMRS are transmitted at earliest in 3rd OFDM symbol and most likely also in consecutive OS, and this is subject to ongoing NR DL DMRS design.
Flavors 2-3: These flavors do not provide solution for UL grants, UE receiving UL grant does not necessarily have PDSCH present in the same slot.  Furthermore, the offloading benefit is very questionable, because in both cases a majority of payload is in the first-stage. This together with the need for increased reliability of both stages might not provide desired offloading, but PDCCH jamming.  Also, timeline benefit compared to Flavor 1 is questionable.  The higher efficiency benefit of stage-2 DCI is at least partly eaten by the need to increase reliability of the stage-2 DCI and the additional overhead of CRC.
Flavor 4: Similarly, as for Flavors 2-3, the applicability of Flavor 4 design for UL grants is questionable, because UE does not necessarily have PDSCH allocated in the slot. Moreover, the use cases are rather limited, only applicable when there is e.g. multi-slot scheduling or UL grant in the same slot. So this should not be considered as a general solution by its own.  
Flavor 5:  It has some similarity with flavor 1, and the main difference is that stage-1 DCI does not always need to be transmitted. However, there are some disadvantages: (a) it reduces the scheduling flexibility; (b) it puts even more stringent requirements on the reliability of stage-1 DCI because each stage-1 DCI may affect a few DL assignments. On the other hand, it is not clear how much benefit can be achieved.  

Overall, it is not yet clear to us whether benefits of a two-stage DCI designs (where both DCIs are user-specific) would reign its disadvantages. The two-stage DCI will increase overall control overhead: 
· it requires one transmitted CRC per stage, which adds 16 or 32bits of extra overhead, depending on whether NR adopts 16 or 32bit CRC
· the reliability of both stages would need to meet the reliability of single-stage DCI  
· the coding gain becomes smaller due to payload fragmentation.

So we think single-stage DCI should be supported as the baseline. If we want to introduce any flavor of the two-stage DCI, the benefit should be clearly shown and some quantified analysis would be helpful.

	Intel


	We prefer the DCI splitting approach in flavors 2 and 5. The DCI in stage-1 shall contain information that allows UE to proceed with the subsequent decoding. Such information include information on resource allocation, antenna port, and DMRS. The 2nd stage DCI includes the remaining information including NDI, HARQ process number, RV, etc.  
The first-stage DCI shall be designed with a limited number of formats so that can reduce UE blind detection and power consumption in monitoring the first-stage DCI.

	CATT
	Flavor 1 is our preference for further study. We don’t see control offloading as providing significant benefits but rather the main benefit is a reduction in blind decodes. A possible solution in Flavor 1 is to that the two parts can be transmitted over the same set of CCEs to avoid further signaling to indicate the location of the second part.
Flavors 2 – 4 are not applicable to UL grants in general or create further dependencies. In LTE, 2 out of 3 sets of BDs apply to UL grants (DCI formats 0/1A and 4) so for the UE-specific search space we are not getting much savings in blind decodes or control offloading for just DL assignments. 
Flavor 5 also creates scheduling restrictions and/or dependencies between control information in different time slots.

	LG
	In multi-level DCI discussion, it seems there are two categories are being under discussion. One is to “divide” DCI contents into two or multiple DCIs and transmit via different resource and/or channel, and the other is to transmit different channel in different resource for control offloading. In the first category, some flavors also attempt to offload control overhead to data region (e.g., Flavor 2). Given flexible starting position of PDSCH transmission and efficient multiplexing between control and data channels, it is not clear to us yet whether control offloading to data region is essential in Phase I. For other flavors of processing time aspect, to process more channels, it may increase overall UE processing time, and may also impact on reliability. Still, the benefits of two-stage seem not clear given potential drawbacks. 
For each flavor, our view is as follows. 
· Flavor 1: we are wondering whether multi symbol PDCCH region can address this motivation by scheduling urgent PDCCH in the first OFDM symbol and scheduling other PDCCH in the remaining symbols.  
· Flavor 2: Though this may offer some benefits of efficient scheduling even for 2nd part of DCI, it could increase control channel decoding latency particularly if DM-RS for data would be transmitted later than starting of PDSCH. 
· Flavor 3: The benefit of this option is unclear. Excluding only a few fields from 1st level DCI may not offer compact size of 1st level DCI nor speed up control channel decoding. Additional specification to carry only a few fields in 2nd level DCI embedded in PDSCH seems not justifiable.  
· Flavor 4: This can be considered if single level DCI design shows capacity issue. Generally we consider we can first focus on single level DCI design to handle various capacity such that this may not be necessary. However, transmission of control channel over data region (i.e., FDM between control and data) can be considered not only for control offloading but also for better coverage. 
· Flavor 5: This approach is under discussion in latency reduction WI for overhead reduction. Unless there are many slots with similar/same resource allocation/MCS, this approach however may not lead so much of overhead reduction. Indeed such cases are justified, we consider that multi-slot scheduling would be a better approach than two-level DCI for the same purpose. 
Given not yet clear motivation of two-level DCI design, our preference is to focus on single-level DCI in phase I. 




	vivo
	Our view was as follows
	1st stage DCI
	2nd stage DCI
	Flavor
	Comments

	PDCCH region
	PDCCH region
	Flavor 1
	If 1st and 2nd are on the same subband (assume one subband corresponds to one particular RF chain from UE perspective), it is preferred to support.
Otherwise, specific UE capability shall be defined to support flavor 1. Or UE shall be able to decode PDSCH even if UE miss detect of the 2nd DCI.

	
	
	Flavor 5
	Agree with Qualcomm, flavor 5 has benefit for future proof.

	
	PDSCH region
	Flavor 2
(Compact 1st stage)
	Prefer to support 

	
	
	Flavor 3
(Medium 1st stage)
	Not preferred.

	
	
	Flavor 4
(slow/fast 2-stage DCI)
	Prefer to support to reduce control overhead.





	Panasonic
	We think to discuss/design single-level DCI would clarify whether there is a need of two-level DCI or not. Two-level DCI itself should not be the target of the design but rather consequence of offloading several DCI contents if necessary. To apply two-level DCI in phase 1 can be discussed more contents/single-level case clear.

If offloading the contents, our view is it should be within the scheduled PDSCH region. How much to offload DCI contents (like the comparison of flavor 2, 3, 4) could be also concluded when the amount of maximum DCI bits size is better understood.



	Interdigital
	Flavor 1: We like it especially if the two parts can be transmitted in different PDCCH regions (e.g. PDCCH regions of different slots).
Flavor 2: We like this method. However, this can add to PDSCH processing latency.
Flavor 3: Addresses some complexity issues of Flavor 2. However, does not really reduce control channel decoding complexity. We are ok with this flavor, but it is not a preferred flavor.
Flavor 4: This is fine if we assume, for example, multi-slot aggregation. In which case there is a PDCCH at the beginning of a set of aggregated slots, and then a second DCI can be inserted in some/all of the other aggregated slots. In this way, the network could indicate in the PDCCH if a UE has any scheduling at all in the remaining slots that are aggregated. If not, then the UE can stop blind detection of the other slots. If the UE has scheduling, then it would attempt to find DCI in the PDSCH of the aggregated slots.
Flavor 5: We like this flavor. This lends itself well to multi-slot aggregation. Helps with reducing blind detection by the UE; helps with transmission of a fixed size first DCI; helps with reducing control channel overhead.





Relationship with single stage DCI
In NR phase 1, single stage DCI will be designed and supported. Then for a potential 2-stage DCI design, we need to decide the relationship with the corresponding single stage DCI design
· Option 1: From UE perspective, 2-stage DCI is supported together with the single stage DCI. The UE will attempt to decode both in the same slot when configured. More blind decoding might be needed for this approach.
· Option 2: A UE can be semi-statically configured to monitor 2-stage DCI only. 
All companies please provide the view on the preferred option.

	Company
	Comment

	Qualcomm
	When flavor 4 is used, single stage DCI is just a special case of 2-stage DCI with no payload in the 2nd stage. There is no need to distinguish them blind decoding-wise.
For other flavors, to reduce blind decoding, we prefer option 2.

	MediaTek
	We prefer Option 1. Since the use cases of single stage and 2-stage DCI may exist concurrently, it is better to give gNB the flexibility to choose from them. Our view is Option 1 does not necessarily lead to more blind decoding at UE. For example, 1 bit in DCI may be used to indicate it is a single stage DCI or the first part of a 2-stage DCI.  

	AT&T
	We also prefer option 1. 
Single stage DCI will be used as a default mode, e.g. for common search space. 
Then UE can be configured to monitor two stage DCI in UE specific search space. 

	KT Corp.
	We prefer option 1.
We also think single stage DCI needs to be supported for fallback operation. However, the total number of blind decodings at a UE configured to monitor 2-stage DCI should be kept same with that of a UE configured to monitor single stage DCI only.

	ZTE
	Our understanding of Option 2 is it does not prevent UE to have only 1 stage configuration. Have only one mode a time will help simplify UE/network process.

	Huawei
	We prefer Option 1, the use cases of single stage and 2-stage DCI exist for a slot especially considering UL grant is mainly scheduled by single stage DCI. We also shared the similar view as MediaTek, option 1 does not necessarily lead to more blind decoding, for example, the first-step DCI has one payload size, which is common with one payload size (e.g. the smallest one) of the single-stage DCI. That depends on the detailed design.

	Fujitsu
	We prefer option 1. As commented by AT&T, single stage DCI could be used for common control signaling.

	NTT DOCOMO
	Option 1, with possible reduction of blind decoding burden for the UE configured with 2-stage DCI.

	Ericsson
	Since single-stage DCI will be part of NR and at least used for e.g. system information distribution it is not clear how option 2 would work, at least not for the common search space.

	Nokia, ASB
	We assume single-stage DCI is always used for CSS. For USS, if two-stage DCI is supported, then we prefer Option 1, i.e., two-stage monitoring is separately configured to a UE on top of single-stage monitoring. In this case, eNB may reduce the number of blind decodes for single-stage DCI (partly or fully). The exact reduction mechanism/configuration is FFS.

	Intel
	Option 1. We shared a similar view as MediaTek and Huawei that option 1 may not lead to more blind decoding attempts. Payload size for 1st stage DCI can be one of these for single stage DCI. 

	CATT
	Flavor 1 can support a 2-stage/part DCI as a generalization of the single stage design. Therefore, Option 2 is our preference.

	LG
	Depending on flavors, different option may make more sense. In case of flavor 4, some restriction on BD candidates in each case may be necessary where one of option is to semi-statically configure either one in each slot. For other flavors, before decision of UE monitoring, DCI contents and two-level design should be clarified in our view. We agree that two-level DCI design may not be applied to CSS. 

	vivo
	Prefer option 1.
Three UE behaviors need further clarification.
Configuration of the 2-stage DCI.
· Option 1A: UE is configured to decode 2-stage DCI only (i.e, UE is not able to decode PDSCH if UE miss detect the 2nd DCI)
· Option 1B: UE is configured to decode both 2-stage DCI and 1-stage DCI. Decoding of the 2nd stage DCI is based on the outcome of 1st stage DCI.
· Option 1C: UE is configured to decode both 2-stage DCI and 1-stage DCI. Decoding of the 2nd stage DCI is NOT based on the outcome of 1st stage DCI.
We hope further clarification in RAN1#88. 

	Panasonic
	We need to conclude what combinations of DCIs need to be monitored simultaneously like following.
- PDCCH for unicast and PDCCH for group cast (like random access response, paging, system information...)
- PDCCH for possible different transmission scheme (like diversity case and non-diversity case)
- PDCCH for CA and non-CA cases
- The size difference between UL and DL.
Then option 1 or option 2 can be decided. 



Relationship with UL grant DCI
If 2-stage DL DCI is supported, in most of the flavors listed in section 2, the first part of the DL DCI will be shorter due to the reduced set of fields included. Then if we want to share the same blind decoding with the UL DCI, we will need to shorten the UL DCI as well.
· Option 1: Use single DCI for UL grant, and use different blind decodings for first part DL DCI and the UL DCI.
· Option 2: Split the UL DCI into two parts as well to match the size of the first part DL DCI to share the blind decoding.
All companies please provide the view on the preferred option.

	Company
	Comment

	Qualcomm
	For flavors 3 and 4, it is possible to design the DL first step DCI length to be the same as UL DCI. Then we don’t need to use different blind decoding. 
For flavors 1 and 2, to save blind decoding, we prefer option 2.

	MediaTek
	We prefer Option 1. Based on our reply to the previous question, it is straightforward to use single stage DCI for UL grant. 

	AT&T
	Option 1. 

	KT Corp.
	Option 1. For flavor 4, single stage UL grant for a UE can be transmitted in PDSCH region if there is allocated PDSCH for that UE.

	ZTE
	It is unclear that UL DL will not able to have similar DCI sizes. If that is not possible, we prefer option 1. 

	Huawei
	We prefer Option 1. Even in this case, single DCI for UL grant can have a same payload as the first-step DCI. In addition, UL grant can be combined into the second part of DCI if DL assignment is present.

	Fujitsu
	We also support option 1.

	NTT DOCOMO
	Option 1.

	Ericsson
	It depends on the which, if any, of the flavors 1-5 that is selected, but generally we prefer option 1 at this stage.

	Nokia, ASB
	Option 2, we assume that if two-stage is supported, it should equally support both UL grants as well as DL assignments, i.e. stage-1 is the same for UL grants and DL assignments.

	Intel
	We prefer option 2 to confine the formats of the first stage DCI so that to reduce blind detection. Also, separating UL grant into two stages also helps to apply more accurate link adaptation for UL transmission if measurement is conducted in between the two DCI stages.   

	CATT
	Flavor 1 can support a 2-stage/part DCI as a generalization of the single stage design. Therefore, Option 2 is our preference.

	LG
	We prefer single DCI for UL grant. In terms of blind decoding candidates, it may depend on DCI sizes of each, and further discussions seem necessary. 

	Panasonic
	In order to judge whether UL DCI is compact or not, bitmap like resource allocation is supported for OFDM of UL or not needs to be concluded.



Others
Any additional comment or views on 2-stage DCI design?

	Company
	Comment

	MediaTek
	As pointed out in our reply in Section 2, 2-stage DCI may cause a large overall CRC overhead and a lower channel coding gain. If multiple first-part DCIs can be aggregated and/or jointly protected by one CRC, both issues can be resolved. 
[image: ]
The figure above illustrates the idea. UEs are divided into groups. Each group has a group identity, and each UE in a group has its own user identity. The scheduling information is appended by the user identity of the scheduling information’s owner. Two DCIs are aggregated, and the CRC parity bits calculated from the aggregated DCI is scrambled by the group identity known to both receivers. 
Another design without UE grouping is given below. This design exploits the benefit of channel coding gain enhancement only (i.e., no CRC overhead reduction).
[image: ]

	Huawei
	As we evaluated in R1-1703363, one aspect is that the system with two-stage control channel will achieve higher average throughput compared with that of single-stage control channel due to control offloading to the data region with link adaptation. 
We can observe that:  when the average number of UEs per slot is given, the gain of average throughput of two-step control over single-step control increases with the reduction of control resource size. This is because the number of blocked NR-PDCCH increases faster for single-stage than for second-stage control channel due to the effect of the control offloading. The gain of average throughput is larger than 20% when the average number of UEs per slot equals 10, when the control resource set contains 32 CCEs (about one symbol case). 
[image: ]

Another aspect is that the second-step DL control channel located at the data region can simply reuse CSI feedback for data scheduling. The performance gain can refer to the simulation results for EPDCCH design in R1-114400. In the following figures there is 3dB gain and 0.6dB gain when link adaptation is used for the control channel. 
[image: ]     [image: ]
       2×2 feedback granularity (1RB).          2×2 feedback granularity (3RB).


	Fujitsu
	The means to support different the numerologies for two step DCIs should be studied. For example: 
· The numerology for the first step DCI is obtained from system information. 
· The numerology for the second DCI can be configured using RRC.  
Different transmission schemes can be applied for first step and second step DCI transmission to improve performance/reliability. For example:
· The first step relies on e.g. transmit diversity or single wide beam transmission, while the second step relies on narrow beamforming. 
· For the first step DCI, UE/PDCCH-specific and shared/common reference signals can be designed. The second step DCI shares demodulation reference signal (DMRS) with NR-PDSCH in data region

	CATT
	Flavor 1 can be designed consisting of a common part and an extension part. These two parts can be separately encoded, concatenated and mapped to the same set of CCEs (i.e. one control channel candidate). There is no change to the search space design and furthermore, it can fall back gracefully to the single stage design. 
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